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The metabolism of nitrogen compounds by oxygenation was 
established in the beginning of last century. ''Lintzel found that 
trim-ethylamine was largely excreted as trim ethylamine N-oxide 
(Lintzel, W. Bio Chem, 2, 273, 243, 1934). Further, interest was 
developed in such type of reactions in view of involvement of 
product of N-oxidation in certain pharmacological and toxicological 
processes, effecting physiological changes in the body. The 
oxidation at nitrogen of aromatic amines and other compounds can 
occur without the presence of oxygen In the product. The term N-
oxidation in general whereas the term N-oxygenation in particular is 
recommended when such reactions result in the formation of N-0 
bonds. The N-oxygen reactions involving enzymes are divided into 
two major categories. 
a. Those resulting into N-hydroxylation. 
b. And those resulting into N-oxide formation. The primary and 
secondary aliphatic amines as well as aromatic amines do 
result in the formation of hydroxyl amines. Similar reactions 
also occur with amides but imino groups are oxidized to 
oximes or to nitrones. 
The tertiary amines give rise to N-oxide. The hydroxylamines 
may not be the end product of such oxidations but are found to be 
converted to nitroso and nitro compounds. These nitrogen 
oxygenated metabolites have several toxicological implications The 
hydroxy metabolites of aryl amines act as carcinogens It is also 
found that these hydroxyl metabolites may be further oxidized to 
corresponding nitroso, nitro and azo compounds It has been 
established by Ziegler that the oxidation of amine may result into 
different products depending upon the nature of oxidant used and 
mechanism of the reaction. Oxidants which generate amine cation 
radical (>N'*) lead to the oxygenation of a-carbon and N-
oxygenation of secondary and tertiary amines requires two electrons 
transfer by an ionic mechanisms, the flavin containing mono 
oxygenase is the only oxidant capable of oxygenating amines in 
most of the alkaloids and medicinal substrates containing amines. It 
has been suggested that the reactions may follow two step electrons 
transfer , 
+ 
1 N - CH2 -
+ 
2. - N - CH2 - — ^ 
- N - CH2 -
1 
- N - C*H -
Step 2. determines whether the oxidation would occur at nitrogen or 
carbon center. The intermolecular electron transfer from carbon to 
nitrogen is very fast and the oxidation of aliphatic amines usually 
leads to hydroxylation of a - carbon 
This has also been found to be true in the case of secondary 
and tertiary amines by cytochrome P - 450 by ^Lindeke. It has been 
suggested that oxidation by P - 450 system may be non enzymatic 
and involve peroxides. 
OH 
I 
- N - CHz + ROOH + H* -> N - CHj + ROH 
I I 
This mechanism involves tv\/o-electron transfer. 
The oxygenation of primary aryl amines has been studied by 
^Doerge and Corbett; they have made the following observations 
regarding such reactions. 
1. Nucleophilicity of para - substituted anilines determines the 
reactivity towards the oxidant. However it may not be the only 
factor. 
2. The products are usually aryl nitroso compounds. This may 
however occur through formation of hydroxylamines. 
^Weisburger has suggested the following two-step 
mechanisms: 
Ar NH2 + Fl EtOOH - ^ ^ ^ Ar NHOH + Fl Et OH 
Ar NHOH + Fl EtOOH ^' ) Ar N = 0 + Fl Et OH + H2O 
The oxidations of amines (aliphatic or aromatic) by different 
non - enzymatic oxidants have been investigated by many scholars 
v\/ith a view to understand and explore the mechanisms of such 
reactions. The kinetics and mechanisms of reaction between 
aromatic amines and potassium dichromate ion in acid medium has, 
however received little attention, 
^Vakilwala and others, have used oxidation of aromatic amines 
by sodium perborate for the preparation of azo compounds. It has 
been suggested that maximum yield is obtained in glacial acetic acid 
medium and temperature range of 40° to 50°C. 
^Pausacker has studied the oxidation of primary aromatic 
amines by phenyl iodosoacetate in benzene. It has been reported 
that 0 - Toluidine gives a purple colour intermediate which is finally 
transformed into deep carmine colour solution. Meta - Toluidine on 
the other hand gives a pink coloured solution in the beginning and is 
changed into dark brown. However, para - Toluidine gives brown 
colour throughout the course of the reaction. The product has been 
identified as azo compound by chromatography method using 
alumina as stationary phase and benzene as eluent. 
The mechanism Is given as: 
2 Phi (0Ac)2 + 2 ArNHs ^ 2 Phi (OAc) NHAr + 2 ACOH 
2 Phi + 2 AcOH + Ar N.NAr 2 Phi (OAc) + 
Ar' NH" NH' Ar 2 Ar NH' + 2 Phi (OAc)' 
^Edward has investigated the oxidation N-alkyI aniline and 
related compounds with benzyl peroxide. The oxidation of secondary 




Oxidation of primary aromatic amine by lead tetra-acetate has 
been studied by ^Pausacker. The medium of the reaction is acetic 
acid or benzene it is assumed that the reaction mechanism with lead 
tetra acetate remains analogous to that proposed for phenyl iodo 
acetate. It has been established that ortho Toluidine and meta 
Toluidine give better yield of azo compound with both the oxidants 
in comparison to para -Toluidine (less than 6%). This study shows 
that napthyl amines result in the formation of quinones. 
^•••^Manson and others have studied the oxidation of 1,2 
Napthyamine with benzyl peroxide and have reported that the 
principle product of oxidation is a colored compound. The structure 
of the product have been established by IR - measurement which 
gives along peak in the range of 1620 to 1634 cm"^ and 3430 cm"V 
The reaction involves the free radical formation yielding mesomeric 
radicals of the type: 
<r ^ 
^^Bayer and others have investigated the direct oxidation of a 
number of 2,6, - dichloro and 2, 6 - dibromo-aromatic amines to the 
corresponding nitroso compounds. The reagent is a mixture of 
glacial acetic acid and 30% aqueous hydrogen peroxide, with or 
without addition of catalytic amount of sulphuric acid. The procedure 
consists of simply allowing the reactants to stand at room 
temperature (or warming slightly) and then filtering off the 
crystalline product. Use of the same reagent under more vigorous 
conditions is shown to produce nitro compounds in good yield. 
^^•''^Thornas and others have utilized the oxidation of aniline 
with aqueous sodium hypo chlorite to produce corresponding azo 
compounds. With hypo chloride the yield of azo compound is more 
than 25% which is an improvement in comparison to KMn04 which 
gave only 3% azo compound. The overall reaction may be 
represented as: 
NaoCI 
NH^ > R < / \ > N = N 
[R = F, H, Me] 
The oxidation of substituted benzyl amine by permanganate 
ion has been studied by ^'Stewart. He has assumed that benzyl 
amine is the intermediate product of the oxidation followed by 
condensation of amine as given below. The reaction is shown to be 
second order dependent on the pH of the reaction medium. The over 
all reaction is: 
2PhCH2NH2+2MnO; ^ 3PhCH = NH + 2Mn02+2H20 + 20H-
^^Deno and Fruit studied the oxidative cleavage of amines by 
aqueous Bromine at 25°C. They reported that primary, secondary 
and tertiary amines are oxidatively cleaved by aqueous bromine at 
pH = 5 - 7. An alkyl group is removed and the amine with one less 
alkyl group is produced. Secondary alkyl groups appear as ketones. 
The fate of primary alkyl group depends on the type of amine being 
oxidized. The Propyl group appears as propionaldehyde from tri 
propyl amine, Propionic and pyruvic acids from dipropyl amine and 
exclusively prop ionic acid from propyl amine. The rate law reported 
by the authors is: 
^ ^ = K,[BrJ[Amine] 
^^Rosenblatt has studied the oxidation of N- substituted amine 
with CIO2 and established a direct relationship between the 
oxidation rate of amine and standard oxidation potential of the 
oxidant. This is treated as evidence for electron transfer reactions. 
The overall equation is given as: 
log K= -7.84 E° - 5.431 P + 3.85. 
Potassium hexa cyano ferrate (III) has been used as oxidizing 
agent for the oxidation of same tri alkyl amines by ^''^^Smith and 
others. The reaction is reasonably fast in aqueous alkaline medium. 
In excess of amine the stiochiometry of two moles of oxidant for one 
mole of amines has been established. The oxidation product of tri 
alkyl amine is dimethylated secondary amine. The alkyl group lost is 
controlled by the acidity of a protons. The reaction obeys the 
following rate law:-
- d l F e ( C N ) ' " | ,r r , 1 , 
The above rate law was obtained on the basis of steady state 
approximation applied to the proposed mechanism given below:-
R^CHjNRz^ + Fe(CN)8-=' — i ^ R^CHjNRa^ + Fe(CN)6''-
(1) 
R ^ C H N R 2 ^ "' ) R1C*HNR2^ + H* 
R^CCHNR2' + Fe (CN)6-' -^^^-> R^CH = NNR2' + Fe {CN)^' 
R ' C H = N R 2 ' "'°^°" ) R ^ - C H N R 2 ' 
OH 
R^CHNRz^ —'^^-^ R^CHO + Rj^ NH 
I 
OH 
• •• RiCH2NR2^ + Fe (CN)6^" ' ' > Ri CH NHR2^ + Fe(CN)6^'+H* 
^°'^^Kahr and Berther have studied oxidation of primary amine 
with hydrogen peroxide giving oximes. The reaction was catalyzed 
by sodium tungstate. They demonstrated that amines containing no 
a - hydrogen gave nitroso compounds. This reaction has been highly 
recommended for the inexpensive preparation of nitroso compounds 
in preference to KMn04 oxidation of tertiary butyl amine to nitro 
compounds which was subsequently reduced to hydroxylamine and 
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finally by bromine oxidation was converted to nitro compound. The 
overall mechanism may be given as: 
RNH2 + H2O2 "' ' '^° ' > RNO -^ RNO2 
Generally the product, aromatic nitroso compounds are monomeric 
solution but aliphatic compounds are dimeric in solution. The 
equilibrium is represented as; 
N = N > 2RN0 [R = tertiary butyl ]. 
y ^ < 
R 0 
It is also found that ortho substitution favors dimerization. 
28-30yyg||g ^^^ others have studied the oxidation of aliphatic 
amines with Ag (II) complexes in number of solvents p-Toluidine is 
reported to react slowly to give 4, 4' -dimethyl azobenzene where 
as p-chloroaniiine yields 4, 4' di chloro azobenzene. It has been 
shown that with aniline, irrespective of the solvent used, 
azobenzene was found to be the main product. 
^^'^^Radha Krishna Murti and Panda have studied the oxidation 
of aniline and substituted aniline by hexacyanoferrate (III). The 
pseudo first order rate constants with respect to hexacyanoferrate 
(III) have been determined under different condition. It is further 
established that the reaction is also first order in [substrate]. The 
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reaction rate is independent of [alkali]. The reactivity shows the 
following order. p-Toluidine > o-Toluidine > m-Toluidine > Aniline 
>p-chloroaniline > p-iodoanillne > p-Bromo aniline. 
This clearly shows that the electron releasing group favour the 
reaction rate whereas electron withdrawing group have retarding 
effect. The plot of log k2 Vs a * is linear, given value of p* is - 4 . 1 , 
indicating ionic transition state. The observation is very different 
from the oxidation of amine by vanadium (v) where the reaction 
constant p is -1 .8 and the reaction involves radical mechanism. It 
has been shown by Brown that mechanism involving electron 
deficient centers usually have p values between -3 .0 to -5 .0 . They 
proposed the following mechanism: 
ArNHs + [Fe(CN)6]'^ '^ ) ArNHs + [Fe(CN)6]-^ (1) 
Radical ion 
ArNHs '"' > A r - N H * + H * (2) 
2ArNH' ~ 5 i r ^ A r - N H - N H - A r (3) 
A r - N H - N H - A r ,^ > Ar - N=N - Ar (4) 
^^Gupta and Srivastava have studied the oxidation of o -
Phenylenediamine and aniline in acetic acid medium. The diamine 
gives 2, 3 diamino phenazine and hydroxy! phenazine as major 
products whereas oxidation of aniline results in the formation of 
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benzo quinone and resinous material as major products. It has been 
observed that oxidation of aniline by different oxidant such as 
Hydrogen peroxide, ozone, bromate ion and alkaline KMn04 gives 
different products and polymeric residue depending upon the 
experimental conditions. The oxidation by peroxydisulphate gives 
rise to the formation of various colored products Behrman has 
proposed a nucleophilic displacement by the amine nitrogen on 
peroxide. The oxidation product of aniline was found to be 
completely soluble in TMF. The TLC of the solution with benzene as 
solvent gave the following major components, a black resinous 
material (Rf =0 and Brownish component with Rf=0.12 was 
identified as Benzoquinone derivative and yellow colored component 
as amine derivative with Rf=0.32. 
'^•^^Demek and Rosenblatt have studied the kinetics of 
oxidation of amines by chlorine dioxide using stopped flow 
technique. A cationic radical has been proposed as the reaction 
intermediate kinetic parameters related to cation radical has been 
studied at constant excess concentration of chloride ion at 465 m|i. 
The mechanistic model satisfying kinetics features and 
stiochiometric requirement had been proposed. The mechanism 




+ CI02 —^'-^ 
CH, 
CH: 





The reaction follows complex kinetic rate law in the absence of 
externally added chlorite ion 
Z ^ ^ ^ = [c i0 j {k, [Cl0J-/2k,k, [B][Cl0j+1/2k, [B]) 
Where B is concentration of triethylenedimine. 
Which can be arranges as: 
-dt k., CIO 1 
dl^ClOj 2k,k2tBj [C102j"*"2k,tBj 
Using this differential from, the instantaneous slopes of the 
L.H.S were determined graphically and plotted against the ratio 
[CIO2"] / [CIO2] and the values of ki and k2 were determined 
graphically. 
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It has been demonstrated by ^^-^"lee and Srinivasan that the 
oxidation of substituted benzyldimethylamine follows Browsted 
relationship showing linear variation of log k with pk. From the slope 
the value of a is found to be +0.67 which indicates that there is 
structural similarity between transition state of the oxidation process 
and protonation of amines. 
The rate of solvent on the oxidation of aromatic amines by 
peroxydisulphate has been investigated by '^'^^Sabesan and others. 
It has been shown that the reaction rate decreases with decrease in 
dielectric constant of the medium, which indicates that ionic 
transition state. They have tested equation: 
In KD = InKo = « + Z e^ /DKtr^ 
The kinetic oxidation of a large number of substituted aniline 
have been studied by *^"'*^Dayal and Kemp. The oxidation of 2,4 
dinitroanil ine with diaceto=oxy-iodo-benzene (TD1B) results in 
oxidative cyclization. The reaction gave the following rate law. 
-d(oxidant) _ k(amine)(oxidant) 
dt (acetic acid) 
The plot between [oxidant] vs Time indicates a break after 10 
to 20% of reaction is over. This indicates, two-stage kinetic 
behavior. It appears that in the initial stages there is mass action 
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effect of acetic acid and in the subsequent stages specific salvation 
effect by acetic acid on the rates of oxidation was observed. The 
following mechanism has been proposed. 
Ph 
NH2 Ph 




Y + AcOH + Phi 
*^Rao and Hayon studied the one electron oxidation by 
hydroxyl radicals of aromatic amines and di-amines in water using 
the pulse radiolysis techniques. The main initial reaction is addition 
to these compounds of hydroxyl radical to give absorption spectra, 
in the visible and ultra violet regions. This hydroxyl radical adducts 
decay by first order kinetics and has lifetimes of ~ 5.50 fi sec, 
dependent on the pH, buffer concentration and the nature of the 
aromatic amines and di-amines. 
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Black and Blackmann have also proposed oxidation of 
primary and secondary amines to carbonyl compounds by acid 




t H — N = C 





C H — N — C 







C — 0 + NH , + O-
Me 
(4) 
Zeis Karel and others 
have Investigated the kinetics of 
oxidation of lower aliphatic amines and pyridine derivatives by the 
dichromate. First order rate constant were determined in acidic 
medium. The rate constants increased in the order MeNH2 <EtNH2 < 
PrNH2 <BuNH2 and py < methyl pyridine <dimethyl pyv^(i'me< 
trimethyl pyridine. 
Oxidation of aromatic amine with molecular oxygen has been 
studied by *^Tetsuji Kamftani and his group. It is reported that nitrile 
compound is formed giving dark green solution, which can be 
obstructed with chloroform and has been identified as benzonitri le. 
Me 
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\ C U C N / N 
NH2 ^ 
C s N 
Sod'mm perborate oxidation of aromatic primary amines has 
been studied by *°Huestis resulting in the formation of azobenzene. 
The yield of the oxidant product depends upon oxidant amine ratio. 
He has postulated that azo compound Is further oxidized to the 
corresponding azoxy compound. It is suggested that the overall 
reaction may involve oxidation by perborate as well as oxidation by 
peracetic acid formed due to the interaction of perborate ion with 
the solvent (acetic acid) giving : 
2NaB03. 4H2O + 2ArNH2 -^ 2NaB02 + ArN=NAr + IOH2O 
2(C2H5)2 NNH2 + 2CH3CO2H -^?^^(C2H5)2NN = NN(C2H5)2 -H 
2CH3COOH + 2H2O. 
^""Antelo and others have investigated oxidation of ethanol 
amines with Cr (V1) in acetic acid. The rate of K2Cr207 oxidation of 
ethanal -amine, (HOCH2CH2=)n NHs-n (n=1-3) (I) in 50% aqueous 
HOAC increases with n. Kinetics of I (n=3) and the order of reaction 
indicated that the rate determining step involved the decomposition 
18 
of R'CH2CH20Cr(02) OH formed by protonation and rectification of 
corresponding RNR' CH2CH2OH with H2Cr04. 
^^Vijay Laxmi and her group has reported the kinetics of 
oxidation of aniline and substituted aniline by bromate ion in acidic 
medium. The reaction has been studied in the presence of acetic 
acid and mercuric acetate. The reaction involves interaction 
between protonated aniline and bromate ion. The resultant ion 
complex decomposes unimolecular in the rate-determining step. The 
final product of the reaction in azo compound formed by 
dimerization of nitrile formed earlier. This mechanism suggest that 
electron-withdrawing group favour the reaction. The oxidation rate 
constant for Meta-Toluidine is found to be greater in comparison to 
para-Toiuidine. The rate law obtained is: 
-dferO, 
dt 1 + k,kj[ArNH2][H*J 
The proposed mechanism is: 
ArNHs + H* 
Ar NH3 + BrOa" 
Ar NH3* 
-> Ar - N - Br03 + H2O 
2Ar NH' Ar NH + Br02' 
Slow 
Ar - N - Br O2 """'"""°" > Ar N = N - Ar + 2H* or 
19 
A r N H * + A r N H 2 -> A r - N - N - Ar + H* 
^^Gilbert and his group has found that m-chlorobenzoic acid 
(m-CPBA) oxidation of amino group yields primary and secondary 
alkenes. In these reaction azo product have also been reported. 
*^Rao and others have studied the kinetics of oxidation of 
aniline and some substituted anilines by periodate in 30% aqueous 
methanol. The order with respect to both oxidant and substrate is 
found to be one each the rate increases with increase of dielectric 
constant. Increase in rate is observed by the addition of salts like 
NaCI and NaCI04. The rates are found to be in the order p-CHs > m-
CH3 > H> p-CI > p-Br > mCl > m-N02 > P-N02 and the value of a 
obtained from the Hammetts plot is found to be -2 .44 at 318K. The 
rate law reported is 
- d ( I O , )^^„ (|o^-)(Amine) 
And mechanism involving electrophilic attack by the oxidant is 
also reported to explain the experimental facts. 
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5 5 - 5 7 , Srivastava and Gupta have studied the oxidation of m-
chloroaniline by the peroxydisulphate ion in acetic acid medium. 
The reaction follows second order kinetics, being first order with 
respect to the concentration of each of the reactants. The reaction 
goes through a number of stages and results in the formation of 
many complex products. 
The proposed mechanism is:-
NHz NH, NH2 






I - choro-p benzoquinone 
II - N (3-chlorophenyl) - 2 - chloro-1,4-benzo-quinone dlimlne 
The stoichiometry is uncertain. The rate is pH dependent, 
rising rapidly upto pH 4.25 after which it is nearly pH independent. 
The rate also depends on the solvent composition. 
The oxidation of aromatic amines with super oxide anion 
radical and molecular oxygen has been studied by ^'Winkelmann 
and others. The superoxide anion can act as base, nucleophile and 
it can also act as oxidant in redox reaction, it is generated in inert 
atmosphere by dissolving KO2 in crown other. In case of substituted 
aromatic amines, a number of products have been reported. 
X Y X Y X Y X X V<V \^V V2V \^V 
NH, 
0 • 0 




The kinetics and mechanism of oxidation of methylamine by 
Osmuim (VIII) has been studied by ^'Upadhyay and Agrawal. The 
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reaction follows a complex kinetics showing first order dependence 
on the [oxidant) as well as [methylamine]. However at higher pH 
and substrate concentration the order decreases from unity. 
Formaldehyde and ammonia are the end products. The mechanism 
suggests that complex formation between substrate and [Os04 
(0H)2]"^ is the rate determining step. The overall rate expression is 
given as: 
- d[oxidant] 2k 3 k, k j [MA][OH" ][Oxidant][0 5 O J 
dt 1 + K,[0H-]{1 + KJMA]} T 
It explains the decrease in rate at high pH and at high amine 
concentration. 
The kinetics and mechanism of oxidation of three aliphatic 
amines. Viz ethylamine, isopropylamine and n-butylamine by 
alkaline ferricyanide is studied by ®°Upadhyay and Agarwal. The 
oxidation follows complex kinetics being first order in catalyst and 
zero order in ferricyanide. The order in amine as well as alkali 
deceases from unity at higher concentrations of amine as alkali. 
A common mechanism has been proposed as given below: 
[OSOA (OH) (H20)]- '+0H- -^-^-^[OSOA ( 0 H ) 2 ] - ^ + H2O .... (1) 
Ci C2 
Amine + Ca. - A _ > C3 (Complex) (Slow) . . . (2 ) 
k.2 
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[Ca] 2__> NHa+Os (VI) + Product (fast) Intermediates (3) 
lntermediate+ [OSOA (0H)2]"^ ^^ > C^ (Complex) (slow) (4) 
C4 —!i5_» (Os (vi) + final products (fast) (5) 
O5 (vi) + 2 Fe (CN)6'^ ^^ > 2Fe (CN)6''* + Os (VIII) (6) 
Rate law given is: 
-d[oxidant] 2Kk,k,kJamine][0H ] [0 ,0J total 
^^ k,k + k[0H]{k3k, +k,(k3 +kj[amine]} 
^^Subha Roo and others have studied spectrophotometrically 
the kinetics of Fe (III) oxidation of p-Toluidine, m-toluidine and p-
chloroaniline catalyzed by 1, 10-phenanthraline. The reaction obeys 
first order kinetics both in [substrate] and [Fe (III)]. The plots of 
1/ki vs 1/[1, 10 phenanthraline]. I/K1 (H*) vs (H*)^ and I/K1 vs 
( H S O A " ) ^ are linear with positive intercepts on 1/k axis in each case. 
The stability constant of the complex and the activation parameters 
have been evaluated. A suitable mechanism has been proposed to 
account for their kinetic results. 
Fe (804)2' + 2H Phen" ; ^ f ^ [Fe (Phen)2]*^ + 804'^ + 2H + 
ArNHs+HaO —^-^ArUHz* + H2O 
[Fe (Phen)2]^* + ArNH? _Jii->products 
slow 
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The above mechanism leads to following rate law:-
d[Fe(lll)]_ kKJFeOIOKfArNHjTPhen]' 
dt K,K2[H*][Phen]' +K JH* ] ' [S o / ' ] ' 
'^Kaushik and others have investigated perlodate oxidation of 
aromatic amines-N, N-dimethylamine in aqueous Me2C0. Oxidation 
occurs in stages. The initial reaction is first order in each reactant. 
The non inhibition of the rate by acrylamide and the solvent effect 
support an ionic mechanism. 
The pH profile suggests a reaction between PhNMeH* and 
H4IO6. 
^^Schulz and others have investigated oxidation of PHNMe2 
with N-chloronylon (I) or N-chlorosuccinimide (II). 
^*Ball and Bruce have studied the oxidation of amine by 4 -1 -
hydroperoxyflamine (4a-FletOOH) the reaction is found to be first 
order with respect to (4-a-FIEtOOH) and (amine). The reaction 
slows down as solvent is changed from tertiary butyl alcohol to the 
aprotic solvent (such as dioxime) without effecting change in the 
kinetics of the reaction. Secondary amines are quantitatively 
converted into secondary hydroxyl amine. The oxidation at nitrogen 
appears to take place through nucleophilic attack. The second 
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order rate constant follows the pattern observed in pK changes of 
amines in water, The sequence of reaction is given below: 
NADPH + Enz - Flox + H+ -> Enz - FIH2 + NADP+ (1) 
Enz - FIH2 + O2-> Enz - 4a - FIHOOH (2) 
FIHOOH + R3N -> R3NO + Enz - Flox + H2O (3) 
Oxidation of amines and sulphides by organic oxidant have 
been studied by ^^Baumstark and others. The reaction is found to 
be similar to the oxidation of amines by 4a-hydroxiflamine. The 
oxidation by 3-bromo-4,5 dihydro-5-imines pyrozole involves 
electron transfer to tertiary amines'as the rate determining step. 
^^Graffrey and his group have investigated oxidation of PhaN, 
(p-BrC6H4)3N and p-NH2C6H4NHPh by Ce (IV) or Fe (III) giving the 
corresponding radical cations which coupled at rates differentiable 
by rapid scanning spectrometer in stopped-flow system. 
^^Panigrahi and others have investigated that pyridinium 
chlorochromate oxidation of aniline and substitutent anilines in 
chlorobenzene-nitrobenzene mixture in the presence of CI2CHCO2H. 
The reaction has first order dependence on each of [anil ine], [PCC] 
and CI2CHCO2H concentrations. Electron releasing substituents 
accelerated the reaction whereas electron withdrawing groups retard 
the reaction. The rates obey Hammett's relationship. The reaction 
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constant p is -3 .75. Azobenzene and p-benzoquinone were obtained 
as products. The observed experimental data have been 
rationalized in terms of an intermediate involving PCC-amine 
complex undergoing a rapid decomposition to products. 
^^Crank and Makin have also studied the oxidation of aromatic 
amines in great details and have reported azobenzene as the major 
product. The oxidation involves free radical process initiated by 
obstraction of hydrogen by superoxide from the substrate. 
Superoxide radical O2' can act as mild and highly selective agent 
and is known to be normal intermediate in oxygen metabolism of 
respiring ceils. It is important that O2" should be reduced from the 
biological system before it interact with important biological 
molecules. Its interaction with amines is of great biological interest. 
R \ / R N / RR V V RR 
Iodine monochloride in the presence and absence of surfactant 
results in the iodination of anilines. The reaction has been studied 
by ^^'^°Sundaram and others in aqueous methanol, isopropanol and 
dimethylforamide medium. They have observed large negative 
Hammett 8 values. 
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The overall rate expression is 
^ ^ - M ^ k j A n i l i n e J u ] 
The reaction is retarded by hydrogen ion. The second order 
rate constant for ortho-Toluidine is found to be greater than second 
order rate constant for para-Toluidine. The low reactivity of para-
Toluldlne is due to reduced TT donation by second substituent at 
ortho and para positions. The overall reaction mechanism of 
iodination is investigated as: 
+ HzOr 
''^Bhattacharjee and others have reported the oxidation of 
aromatic amines by periodate in acetic acid-water system and have 
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confirmed that para-substituted amine gives benzoquinone. The 
overall stoichiometry shov^/s that two moles of oxidant are consumed 
for one mole of substrate. The rate determining step involves the 
formation of positively charged nitrogen in direct conjugation with 
aromatic ring. Para-Toluidine gave a dark violet product with 
maximum absorbance at 470 nm. The meta substituted aniline 
shows a lower reactivity due to the fact that meta-substituents 
cannot effectively meet the electron requirement in the transition 
state because of the absence of direct resonance interaction. The 
overall mechanism is given as below: 
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^^Murray and others have also utihzed oxidation of amines by H2O2 
and other oxidant to prepare corresponding nitro derivatives They 
have also used dimethyl dioxirane for this purpose Dioxiranes are 
considered to be strong oxidant Diamines have also been 
converted into corresponding dinitroderivative The reaction has 
been carried out in water - acetone mixture 
Kinetic investigation of the oxidation of aromatic amines by N-
bromoacetamide was carried out by ^ ' jagannadham in Methanol-
water mixture in the presence of mercuric acetate. It has been 
noted that electron releasing substitutent in the ring accelerated the 
reaction rate whereas electron withdrawing substituent of the 
oxidant on amino group is identified as the rate determining step 
The overall stiochiometric reaction and proposed mechanism are 
given as -
1 2C6H5NH2+2CH3CONHBr > C6H5N\N-C6H6+2CH3CONH2+2HBr 
< 
2 NBA + H2O ^ i i i i ^CHa CONH2 + HOBr 
HOBr + CeHs NH2 — ^ ^ C e H g N H ' + H20 + Br 
Slow 
CeHsNH* + CeHs NH2 — ^ ^ ^ CeHgNH - NHCeHs + H* 
CeHsNH - NHCeHs "°'^ > CeHsN = NHCgHs + H2O + HBr 
Fast 
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It may be observed from the above mechanism that the amino 
group is converted into radical cation by transfer of one electron and 
subsequent reaction takes place with a proton transfer. The azo 
compound is produced by two electron transfer process. The above 
reaction mechanism leads to the following rate expression 
^ KK,[aniline][MBA] 
([AA]+Kh} 
The high negative AS* values indicate the formation of an ionic 
transition state with extensive charge separation. This could be due 
to transfer of two electrons or hydride ion in the rate determining 
step. A plot between AH* vs. AS* for different aromatic amines are 
found to be linear suggesting that oxidation of different aromatic 
amine follow identical mechanism. 
^'*Rao and others have studied the kinetics and mechanism of 
ruthenium (III) catalyzed oxidation of amine by cerium (iv). They 
have studied the oxidation of aliphatic amines in nitric acid medium. 
Ammonia and corresponding aldehyde or ketone are found to be the 
major reaction products. The formation of catalyst-amine adduct is 
suggested which subsequently, is oxidized by Ce (IV). The overall 
proposed mechanism is given below: 
R-CH- N H2 + Ru(III) ^'^ )(adduct) 
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(adduct)^" + Ce (IV) —i_>(adduct) ' '* + Ce (III) 
slow 
(adduct)'** r^ , ) R - C H ; - N H 2 + Ru(III) 
R-CH2-NH2—j- j—• R - C H - N H 2 + H " 
R - C H - NH2 + Ce (IV) —^-—> R - C H - NH2 + Ce (III) 
H 
I 





R C NH2 _pi£-^ R CHO N H ; 
^ : 0 H 
^^'^^Sayre and others have carried out the oxidation of 
aliphatic amines and aromatic amines by strong oxidizing agent, 
(Batho)2 Cu". The reaction has been studied in aqueous methanol 
mixture, in the pH range of 7 to 11. 
It has been argued that the reaction involves a single electron 
transfer (SET) to give aminyl cation radical. SET is follov\/ed by 
proton transfer from a carbon. The authors have presented a 
comparison with enzymatic amine oxidation such as blue copper 
oxidase. An interesting feature of their studies is that the number of 
amine varies from 5 to 10 depending on the nature of amines. 
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N-haloacetamides have been used as oxidizing agent by 
several research groups. '"Bhattacharjee and others have used this 
oxidant to study the kinetics of oxidation of a large number of 
substituted prinnary aromatic amines. The reaction has been studied 
in ethanal-water mixture and it is found that with the increase in 
dielectric constant the reaction is enhanced and the first order rate 
constant for p-Toluidine is greater in comparison to aniline. They 
have postulated that in p-substituted amine, the probable sites of 
nucleophilic activity are the NH2 groups itself and position ortho to 
it. The reaction is favored by electron-donating substituents. They 
have also demonstrated that the first order plot gives a break at 
50% reaction. In their viev/ hydroxylamine is produced as the 
intermediate which hydrolysis to give nitroso benzene and 
subsequently nitrosobenzene reacts with another molecule of amine 
to form azo compounds. 
^"•"'^Ishii and others have studied the oxidation of aromatic 
amines with Hydrogen peroxide and reported that nitrosobenzene or 
nitrobenzene as major oxidation products. Cetylpyridinuim 
heteropolyoxometates were used a catalyst. The reaction also 
yields azooxyproducts. In aqueous medium the following reaction 





^ \ Cat PCWP2 35% H20 (3 equiv ) 
^y^ CHCIs (or t - BuOH), It, 3 - 5 hour* 
RCH2NH2 RCH = N-OH 
The oxidation carried out with different organic solvent and it 
has shown that nitrosobenzene is the major product with p-toluidine 
as substrate. Although, hydroxylamine was not observed as 
reaction intermediate but its oxidation under similar conditions also 
yielded nitrosobenzene. In aqueous medium, however, 
azoxybenzene was found to be major product. 
The system described above has also been studied using 
phase transfer technique where organic phase is in equilibrium with 
aqueous phase. The oxometalates are involved in oxygen transfer 
to a large variety of organic substrate such as alcohols, sulphides, 
alkaline and diols etc. The oxidation of amines in aqueous phase is 
reported to yield nitrones which have greater biomedical and 
synthetic applications. For this purpose secondary amines have 
been used. The phase transfer mechanism has been given as 
below: 
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Q3{(D = W O { 0 ^ ) [ P O ^ | ' +H^0^ .Q^ ^ l \ NO(0*) PO 
3 
O 
wo(0*; PO s ^so -^Q3|(D = WO(0^ ) [POJ ' 
®*"'®Shlomo Rozen and Moshekal have developed a strong and 
stable oxygen transfer reagent, HOF CH3CN by passing fluorine 
through aqueous acetonitrile solution, this reagent is found to be 
effective oxidizing agent and has been used for hydroxylation of 
tertiary C-H bond and to also convert aromatic amines into 
corresponding nitroarenes. The amino group is converted into nitro 
group with hydroxylamine and nitro products as intermediate. The 
overall sequence of the reaction is given below:-
RNH2 H O F . C H s C N ^ ^ ^ ^ ^ ^ ^ ^ HOF.CHaCN^^^^Q^ HOF.CN-HF 
-HF -HF; = H20 
V 
RNO2 
Metallo-Porphyrins are known to be efficient catalyst for the 
hydroxylation of alkanes and other organic compound. ^"Porta and 
others have studied the oxidation of substituted aromatic primary 
amines by tertiary butyl = hydroperoxide in the presence of Fe'" and 
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Mn'" for porphyrins complexes. In each case a good yield of 
derivatives have been reported. The nnolar ratio of amine to oxidant 
in each case to found to be 1:3, it is therefore assumed that the 
reaction passes through different stages: 
Amine _^ hydroxylamine ^ni t rosoamine i>, nitroproduct 
The intermediate could not be isolated even v»/hen the molar 
ratio of [amine] to [oxidant] is kept large. 
^^•^'Zuoiin and Espenson studied the oxidation of anilines by 
hydrogen peroxide in methanal is catalyzed by Methylrkenium 
trioxide, CH2Re03. They reported that the major product of the 
oxidation of aniline at room temperature is nitrobenzene. The rate 
constants for the oxidation of 4-substituted N,N-dimethylanilines 
follow a linear Hammett relationship. They showed that the electron 
withdrawing substituents inhibits the reaction 
CHaReOa 
S - 0 
A = CH3Re(0)2(0)2 
B = CH3Re(0)(02)2(H20) 
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Scheme above presents the catalytic cycles for the oxidation 









This mechanism has been proposed on the basis of kinetics 
and product yields. The data are consistent with the attack of the 
nucleophilic nitrogen atom on one of the peroxidic oxygen atom of 
"A". 
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'^Margerum and his research group have studied the kinetics 
and mechanism of the oxidation of hydroxylation by aqueous iodine. 
The reaction is reported to follow first order kinetics. They have 
reported free radical mechanism involving iodine (I2) and 
unprecedented hydroxylamine is the reactive species. 
The kinetics and mechanism of oxidation of a large number of 
para-substituted aniline by peroxomonosulphate have been studied 
by ''°°Jameel and others. The reaction shows first order kinetics 
each in [PMS] and [substrate]. The reaction rate is retarded by both 
electron releasing as well as electron withdrawing group in 
comparison to aniline. Ionic strength does not play any role. The 
authors have ruled out the possibility of one electron oxidation 
giving rise to free radical mechanism. Nitrosobenzene has been 
identified as the reaction product and phenyl hydroxy! amine as the 
reaction intermediate. The overall rate law and the sequence of 
mechanism are given below: 
H 
1 
P h - N : 
1 
H 
0 - S 0 ~ 
+ 1 1 -
0 - H 
SLOW ^ 
/ 
H - - 0 - SO3 
1 1 
1 1 





— fact — Ph-NHOH + HSO,. +PMS ^—>PhN(OH) +HSO - 2 
2 4 
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- H „ 0 
PhN(OH) ^ > PhNO - 3 
2 
Rate law is:-
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Chromic acid and Cr (VI) based reagents are versatile and 
potent oxidizing agents which have been extensively employed for a 
long time in both mechanistic and synthetic processes generally, in 
the presence of strong acid. However, the inherently hazardous 
toxicity of Cr (VI) reagents and disposal of it as waste have resulted 
in reduced utility of reagents to a considerable extent. 
ioi-io7p |_| Westheimer has carried out a series of 
Investigations with chromic acid. It is reported that the oxidation of 
isopropyl alcohol takes place by way of an ester of chromic acid. 
Mechanism proposed is:-
rapid 
HCrO, + CH3CHOHCH3 + H* " (CH3)2 CHOCrOsH + H2O (1) 
B + (CH3)2CHOCr03H '^^^ > BH* + (CH3)2 CO + HCrOj (2) 
Determining 
B -> Molecule of water/base 
The rate is first order in (acid dichromate) alcohol and [H*] 
ion. Mechanism also corresponds to the fact that first unstable Cr -
intermediate is Cr (IV). It is further suggested that the rate 
controlling step involves cleavage of C-H bond. 
Wienhaus has pointed out that when aqueous solution of 
chromic acid and solution of secondary alcohol in hexane or carbon 
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tetrachloride are mixed then ester of chromic acid and secondary 
alcohol is obtained, which decomposes in these solvent but m 
benzene and toluene, ester are more stable. If pyridine is added to 
ester in benzene, ester is destroyed instantly i.e. pyridine act as 
strong base. 
Chromic acid oxidation of isopropyl alcohol shows that the 
reaction is second order in [H*] in [acid] range of 0.2-0.5 molar. 
The authors have proposed the following rate law. 
d[Cr*^ 
dt 
= kob... (HCrO;) {CH3 CH OH CH3). 
Where kobs = kj [H*] + k4 [H*]^ 
In presence of pyridine and pyridinium ion the rate of chromic 
acid oxidation of isopropyl alcohol was accelerated. 
In present series of investigations ester in benzene is di-
isopropyl chromate and ester mechanism appears to be correct, the 
intermediate is mono-isopropyl chromate. 
Oxidation of methyl-t-amylcarbinol can be explained by ester 
mechanism. The chromic acid ester of this alcohol appears to 
decompose by two mechanisms. 
One is analogous to equation 1 and 2 and other is 
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C H 3 \ H 
C ^ CH3CHO + HCrOj + R* 
R ^ OCrO.H 
R*+ H2O '^ '^ >ROH + H* 
Where, R -> t amyl group 
^°*H. Kwart and P.S. Francis studied structural and 
conformational effects on the rates of oxidation of secondary alcohol 
by chromic acid. 
In overall reaction mechanism there are two distinct steps. 
1. Esterification equilibrium step: 
RR'CHOH + HCrO- + H* — ^ RR' CHO Cr O3H + H2O 
< 
k., 
2. Rate determining ester decomposition step: 
RR^ CHO CrOsH + B *"? > BR* + RRC = 0 + H CrOa 
It is suggested that the position of the equilibrium in carboxyiic 
esterification is largely independent of the structure of the alcohol. 
Two rate determining factors arising from structural features in 
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the alcohol may be considered in connection with the rate of 
oxidation i.e., the stereo electronic factor and strain relief factor. 
It is proposed that proton is removed in a cyclic transition 
state, the basic centre of which resides is oxygen of the chromate 
ester. 




H ^ O 
Thus, steric hindrance afforded by groups near the reaction 
centre could result in the rate acceleration by restricting rotation 
about the C-0 bond. A 5 membered cyclic transition state in which 




H* < 0" OH 
The rate of chromic acid oxidation of various alcohols are 
compared in terms of second order rate constant. 
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dt °'" RjCHOH 
Where kobs 'S hydrogen ion dependent 
Kobs = k3 [H*] + k4 [H*]2. 
"•"^L. Friedman and H. Shcehter objective of their study was to 
develop a general method for oxidation of alkylarenes to the 
corresponding acids. 
A number of representative polynuclear hydrocarbons were 
subjected to oxidation by 30% aqueous sodium dichromate at 250°C 
for 15-18 hours. Napthalene, biphenyl, o, m and p- terphenyls, 
phenonthrene, fluoranthene and picens are completing resistant to 
oxidation under these conditions. Fluorine was oxidized by 
Na2Cr207 at 250° to fluorenone, anthracene to anthraquinone, 1,2-
benzanthracene to 1,2-benzanthraquoine and 4H cyclopenta [d.e.f] 
phenanthrene to 4H cyclopenta [d,e,f] phenanthrene-4-one. At 200° 
- 210° anthracene and 1,2-benzanthracene are un-attacked. Pyrene 
and dihydropyrene are however, degraded. 
The utility of aqueous Na2Cr207 as selective oxidant was 
indicated by its oxidation of 1-methyl naphthalene and 2-methyl 
naphthalene at 240°-250° to 1-napthoic acid (95% yield) and 2-
naphthoic acid (93% yield). 
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Oxidation of methyl group of an aromatic hydrocarbon to 
corresponding carboxylic acid requires 1 mole of Na2Cr207. 
Ar-CH3+Na2Cr207 -^ Ar CO2 Na + NaOH + CrOa + H2O 
NaOH slows down the reaction. 
Overall oxidation is represented as: 
Ar-CH3+1.5Na2Cr207 ^ ArC02Na+Na2Cr04+Cr203+1.5H2O. 
Oxidation by Na2Cr207 extended to polycyclic aromatic 
hydrocarbons, is heterocyclic and simplier aromatic compounds. 
p-t-butyl toluene was oxidized in presence of various buffers. 
NaOH converts dichromate to chromate and thus retards the 
oxidation. Magnesium sulfate does not alter the converse of 
reaction. Potassium alum, strongly increases the rate but causes 
destruction of organic acid. 
Oxidation of representative halomethoxy, nitrotoluenes and 
xylenes were also studied using various buffers or in conjugation 
with excess alkali dichromate. 
A limited study of oxidation of simple heterocyelic derivatives 
by No2Cr207 such as Nicotinic acid is obtained from 3 picolinic, 3-
methylthiophene gave 3 thio phene carboxylic acid. 
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^^°K.B. Wiberg and Paul A. Lepse studied oxidation of 
benzaldehyde by chromyl acetate which proceed in 2 steps. The 
first step probably forms Cr (V) and the second leads to Cr (IV). 
Both reactions have rates which are first order in [benzaldehyde] 
and in [oxidant], kinetic isotope effect is positive, negative or nil. 
Oxygen transfer from the oxidant is investigated. A small negative 
value of s is observed. 
The kinetic isotope effect indicates that C-H bond cleavage 
occurs in rate determining step. 
The mechanism is -
RCHO + (AcO)2 Cr02 -> Ri = 0 + (AcO)2 Cr02H (A) 









Formation of an acylonium ion as in B would require large 
value of s which is not observed. Both A and C are %^\:\s\acXQT'i for 
reaction of Cr (VI) but C is unlikely. 
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Oxidation by Cr (V) leads to Cr (III). Thus Cr (V) reacts via 
process A and it is assumed that Cr (VI) reacts similarly 
The initial reaction is followed by reaction with another Cr (IV) 
or Cr (V) to give mixed anhydride. 
0 0 
II II 
Re = 0 + (AcOa) CrOz ^ (ACO2) Cr OCR 
Anhydride may react with solvent or hydrolyse. 
The overall reaction sequences is given as: 
AH + Cr® —^^-^ A + Cr^ 
A* + Cr® ^^ > B + Cr^ 
AH + Cr® '^ ' > A + Cr' 
A + Cr® ^' ) B + Cr'* 
AH - aldehyde 
A* - acyl radical 
B - acid derivative 
Rate equation is: 











There are indication that the initial reaction between chromyl 
acetate and benzaldehyde leads to complex formation. As 
concentration of benzaldehyde increases the extra polated values of 
eo diverges increasingly from that of chromyl acetate suggesting 
that a comparatively rapid reaction between aldehyde and chromyl 
acetate occurs before appreciable oxidation is effected. Two 
formulations are possible. In first complex E is rapidly formed and 
decomposes to give Cr (V). 
nArCHO + Cr^ — ^ E 
E —5^^^ ArCO*+ Cr^ 
Under pseudo first order condition integrated rate expression 
does not change much except that the value of sa is replaced. 
(6a + ec kb") / (1 + kb") where 
b - concentration of benzaldehyde 
k - equilibrium constant 
€c - absorbency Index of the complex 
At the same time ki is replaced by kikb"/(1+kb"). 
In second, the complex is non-reactive and does not lead to 
products. 
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nArCHO + Cr^ n ^ E 
ArCHO + Cr^ —^^ -^^  ArCO* + Cr^ 
Where ea is replaced by (eo + Cckb") / (1 + kb") and k, is 
replaced by ki/{1 + kb"). From either of these cases, the result is 
same for the extrapolated value of absorbency index at t=0. 
• €3 + e, kb" 
^.= -
1 + kb" 
( S a - € a ) / b" = € c k - 6 a k 
" ^ K . B . Wiberg and H. Schafer have studied the oxidation of 
secondary alcohol by chromic acid spectrophotometrically. It is 
reported to be a series of consecutive reaction. 
They have suggested formation of intermediates. In 97% 
water-acetic acid medium there is reaction which occurs prior to 
oxidation. At 385 nm a large increase in absorbance is noted and 
change is unaffected by deuterium substitution at alpha position of 
alcohol. This reaction is identified as ester formation. Plots of rate 
constant vs. [alcohol] are linear. Final absorbance for this step vs. 
[alcohol] concentration indicated that two reactions were occurring. 
These were probably formation of monoester and diester. At 510 
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nm, the absorbance first increases and then decreases to the value 
expected for Cr (Vl). 
The nature of intermediate chromium species was established 
by esr spectrum. The signal suggested the presence of Cr (V) 
since, neither Cr (IV) nor Cr (III). Would be expected to give such 
relatively sharp signal. The intensity of the signal reaches a 
maxima at the same time as does the absorbance. 
^^^Lee and Stewart have reported oxidation ab 2-propanal, 
1,1,1-trifluoro-2-propanal and 1,1,1,3,3,3-hexafluoro-2-propanol by 
Cr (VI) in concentrated sulphuric acid and results are explained on 
the basis of a chromate ester mechanism. When 1,1,1-trifluoro-2-
proponal was oxidized in very concentrated acid solution, a reaction 
intermediate was observed spectrophotometrically and the primary 
kinetic hydrogen isotope effect was found to be markedly decreased. 
These results suggest that under strongly acid conditions the rate 
determining step in the oxidation of this compound is ester 
formation. There is good evidence that chromic acid oxidizes 
alcohol via chromate ester which undergoes a rate determining 
decomposition by cleavage at the a-carbon-hydrogen bond. 
fist 
R2CHOH + H2Cr04 ^ R2CHOCr020H + H2O 
R2CHOCr020H ^'°" > R2C=0 + HzCrOa 
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^^^Jan Rocek and others have reported oxidation of primary 
and secondary alcohols. It has been concluded that Cr (VI) reacts 
rapidly with primary and secondary alcohols but is un-reactive 
toward tert-butyl alcohol. The reaction is a one electron oxidation 
leading to a free radical, probably R2COH. The radical can be 
further oxidized by one of the oxidants present, but its rate of 
oxidation, particularly with Cr (VI), is slow enough to allow for 
sufficient accumulation permitting a bimolecular destruction of 2 
radicals. 
""""^Jan Rocek and others have investigated products formed in 
chromic acid oxidation of cyclohexanone. The first step in the 
reaction is an a-oxidation leading to 2-hydroxycyclohexanone. It is 
further oxidized to 1,2-cyclahexanedione (78% yield) and cleaved to 
adipic acid. It has been shown that oxidation is faster than 
enolization. Besides adipic acid, glutaric acid and succinic acid are 
also formed. 
Degradative oxidation of adipaldehydic acid and induced 
oxidation of adipic acid are suggested to be main reactions leading 
to the formation of glutaric acid without loss and with 50% loss of 
the radioactive label respectively. Induced oxidation of adipic acid 
is responsible for the formation of succinic acid. 
Mechanism for adipic acid formation: 
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o OH 
+ H2Cr04 4 • 
/N/V^ /X 
o 
CO2H +cr( IV) 
CO2H 
115 J. Rocek and Sr. Agatha RichI proposed chromic acid 
oxidation of isobutyrophenone in acetic acid and 2-chloro 
cyclohexanone in water. A change from first to zero order 
dependence is observed with changes in [Oxidant]. The limiting rate 
is close to rate of enolization as determined by bromination 
measurement. This demonstrates that oxidation of Ketones proceeds 
through the enol intermediate. 
The rate equation for the oxidation of a Ketone through an end 





^ ~ dt ~ K, +k[Cr03] (1) 
Rate constant ki and k2 are defined by equation : 
V = -d [CrOa] / dt = ki [Ketone] = k2 [CrOa] [Ketone] (2) 
A \ 
, V T 
Iks.-. 
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They are related to rate constant of enolization (ke), 
Ketonization (KK) and oxidation of enol (k) through 
ki = KE k[Cr03] / [KK + kfCrOa]] (3) 
k2 = KE k / [KK + k[Cr03]] (4) 
or 
1 / k2 = KK /Kgk + [CrOa] / KE 
At low chromic acid concentration oxidation of enol will be rate 
limiting step and the reactant will be first order in both the [Ketone] 
and [Chromic acid] under this condition will simplify be k2 = (KE / 
KK). 
At high chromic acid concentration (for k[Cr03] > > K K ) 
enolization will become rate limiting and reaction will be zero order 
in [chromic acid]. Equation 3, then is simplified to ki = KE. 
For enolization mechanism the following requirement are noted 
(i) Industrial runs at high chromic acid concentration give a linear 
plot of concentration [chromic acid] vs time, (ii) At plot of ki vs 
[CrOs] gives a curve approaching a constant value for (ki = kE) at 
high [chromic acid], (iii) A plot of 1 / k2 vs [CrOa] gives a straight 
line. 
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This indicates that both isobutyrophenone in acetic acid and 
chlorocyclohexanone in aqueous solution are oxidized in their 
respective e n d form. 
^^^A.K. Awasthy, J. Rock and RM Moriarty studied steric and 
polar effects on the oxidation of alcohols by chromic Acid. It was 
found that oxidation rate of 2-exo-norpornanol (I) is slightly lower 
(k=0.842) than that of cyclopentanol {k=1) and higher than cycio 
hexanol (k = 0.654). The reaction rate is accelerated in 2- bicycle 
[2,2,2] octane (3) [k = 4.58]. Higher rate is obviously caused by 
relief of strain existing in the molecule as the result oi interaction of 
hydroxy! group with Ce hydrogen. A similar rate acceleration is 
observed in this oxidation of 2-endo-norbornonol in which the 
hydroxyl group is present at similar position. 
The rate of oxidation of 2-exo-brendanol (2) is relevant in a 
discussion of relative rate of oxidation of hydroxylactone (8) 
because of structural which they show. Rate of oxidation of (2) is 
slightly faster than exo-norbornanol (1) Thus, it appears unlikely 
that steric factors are dominated in accounting for unusual 
behaviour of (4) towards oxidation. Rate of oxidation of (2) is again 
faster than cyclohexanal eventhough the corresponding Ketone, 2-
bredanone, has higher carbonyl strength frequency (1747) than 
cyclohexane. 
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With compounds bearing neighboring polar substituents, one 
finds that introduction of another oxygen has a rate retarding effect 
It reduces rate of oxidation in [2,2,2] bicyclo-octane series by factor 
of 2.9 and in [2,2] bicycle- heptanol by factor of 3.6. 
Acetoxy group however exerts smaller effect on oxidation rate 
of hydroxyl group. The reason lies in higher electro negativity of 
lactone ring, which unlike either group cannot be oriented so as to 




The polar effect of lactone the polar effect of lactone group 
increases with the rigidity of the molecule and this precludes any 
minimization of the dipolar interactions in the transition state by 
deformation of the molecules. 
They concluded from the results that no steric rate retardation 
can be unambiguously demonstrated in the oxidation of 5-exo, 6-
endo-dihydroxy bicycio (2,2,1) heptane - 2 - endo - carboxylic acid. 
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Even though small effects of this nature cannot be ruled out, most if 
not all of the rate retardation can clearly be attributed to polar 
effects. 
X O 
^ ^ ' ' K . B . Wiberg and others have reported chromic acid 
oxidation of benzaldehyde in 96% acetic acid to produce Cr (V) as 
intermediate. 
The negative value of 8 (-0.2), along with a kinetic hydrogen 
isotope effect and oxygen transfer from the Cr = 0 bond of the 
oxidant to the product, benzoic acid suggested the scheme as given. 
0 0 
II II 
R - CH + (AcO)2 Cr O2 -^ RC + {AcO)2 Cr O2H 
0 
If 





+ (AC0)2 Cr02H 




RC. + (AcO)2 Cr O2 -> RCOCr (0Ac)2 OH 
H2O 
RC OH+(AcO)2 Cr(0H)2 
Oxidations which proceed via an ester mechanism give 
triphenylacetic acid. The ester decomposes via an ef fect ive two 
electron chayge. 
The following mechanism has been proposed: 
O OH 























0 + Cr IV 
Eq 2 would be rate controlling and Eq 3 is very rapid 
118 N.C. Khanduai and others studied kinetics of chromic acid 
oxidation of acetophenone and of some meta and para substituted 
acetophenone's in 95% (V/V) acetic acid. The reaction rate is first 
order with respect to the [oxidant] as well as to to the organic 
substrate 
A decrease in acetic acid proportion decreases the rate In 
presence of added Mn (II) ions and in presence of complexmg 
agents like succinic acid, piperidme, and reaction rate is retarded 
It was found that electron-donating group enhances and 
electron withdrawing group retards the rate of reaction. 
62 
The oxidation of acetophenone and substituted acetophenone 
by H2Cr04 shows that:-
a) The oxidation rate is first order with respect to the [ketone] 
b) The rate at which Cr (VI) disappears also follows first order 
rate law. 
c) The reaction is acid catalyzed. 
d) The value of s+ is negative indicating that electron donating 
groups enhance the reaction rate. 
The proposed mechanism is:-
0 OH 
I I H* 
r> 
R C CH3 R C CH3 
O 
OH II 
O H I R c CHj 
II ^ ^ + HO Cr 0 > I 





R C CH 0 Cr 0H+ H2O -^ II + H2Cr03 




' " D . G . Lee and M. Raptis have studied the oxidation of a 
number of substituted benzhydrols by chromic acid in aqueous 
acetic acid medium. The electron transfer step has been shown to 
precede by a number of equilibrium, some of which involve the 
formation of chromates ester as given below:-
CrzOz' + H2O ;; » 2 HCr04' 
HCr04" + H* -^ » H2 Cr04 
HCr04- + 2H+A- •; ^ H CrOa A + H2O 
HCr04 '+ ROH ; » RO - C r O j ' + H2O 
H? CrO.-, A + ROH^ ^ RO Cr02H + H2O 
It is concluded that the ester formed undergo decomposition 
accompanied by electron transfers and C-H bonds cleavage. Exact 
mode of decomposition is not known. Westheimer suggested that 
ester would decompose by transfer of a proton to a base such as 
water in the rate determining step:-
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CrO,H 
C = 0 + HCrOa + H3O-
However, other have suggested that the d-H is transferred 
internally to a neighboring O. 
R. O ^ .0 
b 
V 
Substitution in the p-position exert the expected electronic 
effect and that increasing Me substitution at the ortho position in 
benzhydrol increases the rate of oxidation. 
A plot between log ki and pkR+ gives a low slope indicating 
that the transition state of the reaction has more Sp^ than Sp^ 
character. 
A correlation between rate and carbonyl stability is an 
indication that the main effect of substituents is to stablize the 
developing carbonyl center. 
It is established therefore, that the electron donating 
substituents increase the Sp^ character of the transition state 
whereas steric effect destabilize the reaction molecules. 
65 
12 7 1 9 fi 
K B . Wiberc^ and S.K. Mukherjee have adopted another 
approach to determine the rates of Cr (VI), (V) and (IV) for the 
oxidation of isopropyl alcohol. The basis of experiment is seen in 
comparing two possible schemes (I and II) for Cr (VI) oxidation of 
isopropyl alcohol. 
Scheme I 
R2CHOH + Cr (vi) -> R2C = 0 + Cr (IV) 
Cr (IV) + Cr (VI) - — ^ 2Cr (V) 
2 (R2CHOH + Cr (V) ^ R2C = 0 + Cr (III) 
Scheme II 
R2CHOH + Cr (VI) ^ R2C = 0 + Cr (IV) 
R2 CHOH + Cr (IV) — - ^ R2 COH + Cr (III) 
R2COH + Cr (VI) ^ R2C = 0 + Cr (V) 
R2CHOH + Cr (V) -^ R2C = 0 + Cr (III) 
If we consider only the reactions upto the formation of Cr (V) 
the first scheme gives an acetone; Cr (V) ratio of 1:2 whereas the II 
scheme gives the products in the ratio 2 :1 . 
The initial rapid changes in absorbance on mixing chromic 
acid and isopropyl alcohol solutions are due to formation of mono 
and diesters. It could fit to the scheme. 
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k3^ 
R2CHOH + Cr (VI) =3^  monoester. 
R2CHOH + monoester > diester 
k'2 = 14 M-^  k4' = 3.63 M -1 
A more complete scheme therefore is 
Ac OCrOsH . > AcOCrOa" +H* Ki =ki/k. , 
K2 
R2CHOH + AcOCr 03H^ ^RzCHO CrOaH + AcOH. 
K.2 
K3 
R2CHO CrQ,H^^ > R2CHO Cr03- + H + 
R2CHOH+ R2CHO CrOaH ^ > R,CHOCrOoOCHR, +H2O 
K-4 
Ki was determined above in order to separate k2' into k2 and 
K3 the effect of acid concentration on equilibrium absorbency was 
used. 
After the initial very rapid change in absorbance on mixing 
there follows 2 successive oxidation steps in which Cr (VI) is first 
converted to Cr (V) and then Cr (V) is converted to Cr (III). The first 
reaction is easily followed at 350 nm where the absorbance changes 
are mainly due to disappearance of Cr (VI), The second is at 
wavelengths around 510 nm where absorbance first rises and then 
decreases to the value characteristics of Cr (III). The rate constants 
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for the appearance and subsequent reaction of Cr (V) has been 
obtained by an analysis of the absorbance change at 510 nm. 
The effect of alcohol concentration on rate constants Ki and 
K2 is that Ki at first rises rapidly and then level of at higher alcohol 
concentration for which the equilibrium absorbency factor also levels 
off. Alcohol concentration has small effect on K2. 
It is also observed that Ki is affected by Cr (VI) concentration 
but K2 is not. 
An increase in H* ion concentration effects both Ki and K2 
finally, in case of isopropyl alcohol there is an isotope effect for 
both Ki and K2 which depends on both the [Cr (VI)] and [H+]. 
The amount of acetone formed at different times was 
determined by mixing the two reacting solutions and then quenching 
the reaction by adding Cr (II). When the latter was added 
immediately after mixing, essentially no acetone was formed 
indicating that quenching was efficient. The concentration of 
acetone in the reaction solutions was determined by adding a known 
amount of methyl ethyl Ketone as an internal standard and analysing 
the solution by gas chromatography. 
The overall reaction Cr(V) —> Cr (III) . It appears to be an 
oxidation rather than disproportionation reaction since it shows a 
68 
kinetic isotope effect. The rate of disappearance of Cr (V) appears 
to be independent of alcohol concentration. 
They concluded that most of Cr (VI) is in the form of mono or 
diester rather than acetochromate ion at alcohol concentration 
greater than 0.05N. Thus, the reaction of radicals with Cr (VI) leads 
to Cr (V) having 80 propyl group attached. This is possible if one 
assumes that Cr(VI) anions complex is less reactive than the neutral 
species. 
The lack of kinetic dependence on alcohol concentration 
suggests that it is alcohol group which is attached to Cr (V) which 
undergoes two electron transfer resisting the formation of Cr (V) 
->Cr (III). 
^ " Y . Shyamsunder Rao has reported 80-90% oxidation of 
alcohols to aldehydes or ketones. 
His method is economical .efficient and simple to operate and 
consists of treating a solution of sodium dichromate dihydrate 
DMSO with an alcohol and concentrated H2SO4. He further 
suggested that DMSO acted as excellent solvent for aromatic 
compounds such as oxidation of benzyl alcohol. Direct oxidation by 
Na2Cr207.2H20 and sulphuric acid alone at 70°, it leads to charring. 
But a solution of Na2Cr207.2H20 in DMSO at 70° caused oxidation of 
benzyl alcohol to benzaldehyde, does not take part in reaction. 
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130-132^ p Singh, I.N. Pandey and S.B. Sharma have 
investigated the kinetics of chromic acid oxidation of some hydroxy 
acids. The reaction was studied varying reagent concentration and 
the order with respect to [oxidant] was found to be one HCr04' is 
considered as active species of Cr(VI) because first order rate 
constant Ki decreases with increase in hydrogen ion concentration. 
It has been suggested that the transfer of three electron to 
Cr(VI) for the overall reactions does not take part in one step, either 
they are transferred one by one by two electron transfer process. In 
the case of acid catalyzed reaction proton may either add on to the 
substrate to give protonated substrate followed by reaction with 
HCrOi to give reaction products according to steps (1) and (2) or it 
may either add to HCr04' to give H2Cr04 followed by reaction with 
the substrate. 
fast 
S+H* < > SH* (1) 
SH + HCr04" 
slow 
H' + HCrO'4 ;: > 
'^ fast 
o i_ LI CrCt "^ 
slow 
Where vS = Substrate, 
- > P* 
H2Cr04 
P* 




Both kinetic and spectrophotometry results indicate the 
formation of intermediate complex between Cr(VI) and hydroxy and 
hydroxy acid. Hydroxy acid + Cr (VI) > Intermediate 
Complex ^ Product. 
slow 
The reaction can be explained on the basis of formation of free 
radicals which react with Cr(VI) to form stable, product; 
RR'C (OH) COOH + Cr (VI) - ^ ^ RR'C (OH) +Cr^+ CO2+H* 
RR'C (OH) + Cr< '^> ^ ^ RR'CO +Cr<^> + H* 
fast 
2Cr^ J ^ Cr^' + Cr'^ 
The results show a proportional dependence on first power of 
[H*] concentration at constant ionic strength. 
i33-i42|^ 1^  Sengupta and others have studied Cr(VI) oxidation 
of some alkanols in perchloric acid medium. Oxidation of ethanol, 
iso-propanol and benzyl alcohol are similar in character. Thus, all of 
them are first order with respect to [HCrO^'] as well as [substrate] 
and the order with respect to [H*] is between 1 and 2. The effect of 
hydrogen has been explained by considering that the reactive 
oxidant and reductant are either H2Cr04 and the protonated 
alkanols, or protonated H2CrOA and the alkanols. If the oxidant is 
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protonated then the order with respect to acid must be same for the 
oxidation of different alkanols. On the other hand, if the reductant 
is protonated then the order with respect to acid must be different 
for oxidation of different alkanols. Actually the order is found to vary 
from 1.3 to 1.9 indicating that alkanols are protonated. Moreover, 
the variation in rate namely isopropanol>ethanol> benzyl alcohol, 
which conforms with the order of basicity of alkanols. This supports 









+ H,Cr"^'0, ^ /Y\\ 
0 
H R H O OH 
^0 
Ri = H, Ra = CH3 for ethanol siow 
Ri = CH3, R2 == CH3 for isopropanol 
Ri = H, R2 = Ph for benzyl alcohol 
R, 
I 4 HjCr '^b, 
Rj C 0 
Cr(IV) generated in rate determining step reacts with Cr (VI) to 
give Cr (V) followed by the oxidation of more alkanol to the carbonyl 
compound in fast steps. 
Cr (IV) + Cr (VI) -—-> 2 Cr (V) 
Cr(IV) may also disproportionate as : 
2Cr (IV) ^ Cr (V) + Cr (III) 
Cr (V) then reacts with alkanois. 
The value of KH /KD = 1 
R, 
2[R2 — C H — 0 * H 
+ Cr (V) ' ^^ + Cr (III) + 3H*] 
R, H 
The oxidation of alkanois by Cr (VI) leads to the formation of 
carbonyl compounds, which can undergo further oxidation to 
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alkanoic acids. These may form esters with excess alkanols in the 
presence of an inorganic acid catalyst. It is also known that 
oxidation of carbonyl compounds proceeds via their hydrate. 
^*'*^**Srinivasan and other have investigated oxalic acid 
assisted enhanced induced electron transfer by Cr (VI) in Petamine 
Cobalt (III) complexes of a-hydroxy acids. The addition of oxalic 
acid (OXH2) increases the rate of Cr (VI) co-oxidation of OXH2 & Co 
(III) bound complexes of a-hydroxy acids but not the rate of Cr (VI) 
Co-oxidation of OxH*2 and unbound ligands. The formation of a 
stable ternary complex which facilitates electron transfer in OXH2 
and induced electron transfer by Cr (IV) in the cobalt (III) complex. 
The following mechanism has been proposed :-
Cr (VI) + OXH2 ^ complex II 
Complex II '^"" > 2 C o ^ + C r ( I V ) 
2e" transfer 
Cr (IV) + Cr (VI) -> 2 Cr (V) 
2{Cr(V) + Co'" - mandelato ^' '^ '"'^ '" > Cr"" '+Co" ' -phenyl 
glyoxylato} 
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Cr(VI) + Co". - mandelato 
glyoxylato 
2c transfer 
->' Cr((V) + Co'" - phenyl 
Cr (IV) +Co"' - mandelato -> Co<"' + PhCHO + C02 + Cr ( I I I ) 
The stoichiometry of the reaction is 
4 Cr (VI) + 5Co'" ~ mandelato + 2OXH2 
0.80 1.00 0.60 
, ( 1 1 1 ) ( l i 4 Or*"" + 2Co ^"' + 2PhCH0 + 6CO2 + 3Co"' - phenyl glyoxylato 
40% 40% 60% 
Mechanism for Cr (VI) oxidation of a mixture of OXH2 and mandelato 
complex. 
H 
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f-\ stow 2-equival«nt oxidation of OxH; 
(NHJ^CO" 
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In i t ia l ly formed may d issoc iate at th is concent ra t ion 
i45.i46|^^ Basheer Ahmed and others investigated the 
oxidation of aliphatic acetate in aqueous acetic acid medium. The 
reaction is first order each in [oxidant] and [acetal] and yields ester 
as main product. 
Oxidation of a mixture of ACBA and oxalic acid with Cr (VI) 
shows a neat first order dependence on [Cr(VI)] for over 50% 
reaction. Increase in [oxalic acid] increases the rate of the 
oxidation. The most probable reason is that oxalic acid forms an 
ester by reacting with HCTOA' and H* and this ester is positively 
charged. Cr(VI) attack, the acetal more easily to form ternary 
76 
complex which decomposes in rate determining step to give the final 
product. 
0 XX^ 


















Cr( l l l ) + C 0 2 + . C 0 j + 1/ 
Rj C OR 




A plot of 1/k vs 1/[acetal] is linear without any intercept. It is 
proposed that Chromic acid oxidation proceeds through a transition 
state involving the acetal and HCr*03 species. 
Change in nature of alcohol part of the molecule has greater 
effects on the rates as compared to the changes in aldehydic part. It 
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147-152i^j^ Sen Gupta, Sanghamitra Dey and Shipra Sen Gupta 
have proposed that oxidation of some aromatic aldehydes is 
initiated through intermediate formation of an ester. Although, some 
aliphatic aldehydes are reversibly hydrated to form gemdiols, the 
possibility of aromatic aldehydes to be hydrated cannot be totally 
ignored. The second order dependence of the reaction rate on [H*] 
may be explained on the assumption that protonated chromic acid 
(H3Cr04)* reacts with hydrated benzaldehyde to give an ester which 
decomposes to give the end product. 





PhCH(OH)j+(H5Cr04)*; i IZr*Ph C O Cr O K , * PhCOOH+Cr"^' 
H 0 
Free benzaldehyde may also be protonated and protonated 
aldehyde may react with HCrO^" to give intermediate ester, which 
may be further oxidized to give protonated ester in fast steps. 
The protonated ester is capable of an internal two electron 
transfer oxidation to give products as shown below: 
OH OH 





=r> Ph — c 
1 
H 
0 Cr OH, , ^ ' ' " ' "• ' ' 
Ph- Cr O X H , s'low ' PhCOOH + Cr"^ 
H O 
When reaction is carried out in perchloric acid medium acid 
chromate ion (HCr04') attacks the protonated aldehyde, whereas in 
perchloric acid-acetic acid medium, attacking species is acetyl 




0 -M~^ % - c - OH 
H 
- O H 
< >etc 





The species having two positive charges on adjacent carbon 
atoms are unfavorable Cr (IV) formed in slow step is unstable which 
reacts with Cr (VI) to give Cr (V). 
There are convincing evidences in the literature which 
indicates that Cr (V) is formed during oxidation of some alcohols 
(C00H)2 and a-hydroxyl acids by Cr (VI). Cr (V) being stronger 
oxidant than Cr (VI), rapidly oxidizes the substrate by two electron 
transfer. 
Ph CH(OH) + Cr (V) ^ Pn COOH +Cr(ll l) 
Oxidation of glutaric acid by chromic acid in perchloric acid is 
studied by '^^Perez and others. They showed first and second order 
kinetics with respect to [substrte] and [oxidant] respectively. The 
dependence of the rate on acidity of the medium suggests an A-2 
type mechanism in which water acts as a nucleophillc in the rate 
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determining step. 
154( Seema Agarwal and others have reported a definite 
mechanism for the oxidation of primary and secondary with Pec and 
two newly synthesized Cr (Vl) reagents. Reaction is complex the 
mechanism of the reaction is explained by taking 2-pentanol as an 
example. The reaction is followed under pseudo first order 
conditions i.e. [alcohol] > [oxidant]. The isotope studies were also 
studied by oxidizing detracted 2-pentaanol [do-H] with Cr (VI) 
reagents. Results show that reacting of three oxidants is in the 
order Pcc>Mcc>lcc which can be explained on the basis of electron 
density on the reaction center of the oxidants which is in the order 
imidazole> 1-methyl imidazole > pyridine. 
They have also studied the primary kinetic isotope effect for 
oxidation of deuterated 2- pentanol [do-n] with Pec and Mcc, the 
deuterium KIE for 0-D bond was found to be 1-3 and ~1 for Pec and 
Mcc respectively. 
Deuterium KID measured is 10w for 0-D bond as compared to 
that measured by Banerji's and Pascal. Thus, two major 
conclusions about the mechanisms were arrived at (a) Firstly low 
value of K ^ / K Q for the 0-D bond indicates that fission of 0-H (or 0-
D) bond does not take place in the rate determining step of the 
reaction and (b) secondly, deuterium KIE in the second step of the 
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reaction indicates the fission of C-H bond should occur In the 

























+ X [O Ci CI]" 
I 
OH 
X = OR 
The mechanism is consistent with the fact that oxidations are 
acid catalyzed. Protonation of the oxidant will make it more 
amenable towards nucleophilic attack by alcohol on the electron 
















^*^M. Hirano, H. Kurada and T. Morimoto studied the oxidation 
of aromatic alcohols. 
Oxidation was conducted in various aprotic media in the 
presence of wet Alumina. Reaction in benzene dichloromethane and 
carbon tetrachloride give small yield and in hexane yield was 
however 97%. Thus, subsequent reaction was carried out in hexane. 
The progress of reaction is followed by GLC. GLC showed that 
methanol was consumed as soon as the reaction started and 
benzophenone (1) accumulated with the progress. 
No product other than (1) was formed suggesting that there 
was no side reaction or further oxidation of product oxidation of 
alcohol was performed under unit atmosphere. Since the product 
[benzaldehyde] are highly susceptible to auto oxidation. 
However oxidation of aromatic alcohol with Cr (Vl) trioxide 
Alumina systems was found to be as neat as observed in case of 
aliphatic alcohol. 
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^**M, Hirano, S. Nagasawa and T. Morimoto investigated the 
oxidation of aliphatic and allcyclic secondary alcohols with Cr (VI) 
trioxide in the presence of wet AI2O3 in hexane giving corresponding 
Ketones. Oxidation was examined in hexane medium. In the 
presence of wet Alumina alcohols underwent smooth oxidation. 
Reaction conditions were chosen on the basis of reactivity of 
alcohols and selectivity of the Ketones. 
In order to complete the reaction oxidation were carried out by 
using 1 . 5 - 2 moles of Cr (VI) trioxide/mole of alcohol. 
Oxidations of 1-Alkanols, hexanol, heptanol and octanol given 
mixture of corresponding aldehyde and esters: 
3RCH2OH ^ RCHO + RCOOCH2R 
The selectively of products depends on the concentration of Cr 
(VI) trioxide. The reaction is clear and is only fast without any 
complication such as formation of intractable precipitate. Isolation 
of Ketone from the reaction mixture is easy. 
^^^Indu Rao and others have studied the kinetics of oxidation 
of malonicacid by Cr (vi) in aqueous acid perchlorate, conform to the 
rate law. 
^ J 2 0 = ksKi [H*] + K3K1K2 [ H Y / ( 1 + K I [ H * ] [Cr*^] + (H2nd) 
dt 
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Where [Cr" ' ] ! and [H2ma]T are gross concentration of Cr^' and 
malonic acid respectively. The stoichiometry of the reaction is 
variable as the initial oxidation product of the organic acid 
undergoes further partial oxidation. The rate is also inhibited by 
anions and quantitative effect of CI" in particular has been analysed, 
suggesting a Cr(VI) complex. 
i58-i6ipg|^jgi.g^j ^^^ others have reported micelles effect in the 
oxidation of malic acid by chromic acid. The oxidation rate is 
inhibited in the presence of sodium lauryl sulphate. The inhibition 
has been traced to partition of the Cr(VI) sibecies as well as the acid 
concentration between aqueous phase in the presence of much 
reduced concentration of H* ion. Rate of oxidation is retarded by 
Mn*^, thus it can be said that oxidation proceeded through a two 
electron transfer formation of Cr(IV) if the rate limiting step was 
further demonstrated from the product of oxidation namely pyruvic 
acid. The rate law in given by 
-d[Cr(VI)] =k[HCI 0"4] [H*] [malic acid] 
~ d t 
Mechanism in the presence of micelles is given by 
0^ —!^a^-^ Products 
K n +[s] 
Ou —'^ '^'—> Products 
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Where Ow is the H2Cr04 species in the aqueous medium and 
and Om is the H2Cr04 species in the micallar phase. 
The given rate law is 
K, = 
Kw + KM KBC 
1 + KBC 
Where KM + Kw are first order rate constants in the presence 
and absence of the micelles. KB is binding constant of the species 
being reacted and C is [NaLS]-cmc. 
162-1635 signorella, M. Rizzotto. V. Darer, M.I. Franscarali, D. 
Martino and others have carried out comparative study of oxidation 
by Cr (V) and Cr (VI). 
According to their experimental data, the oxidation of dGIc by 
Cr^' should occur through four parallel slow steps leading to the 
redox products. The reaction is studies at high PH. The proposed 
mechanism is given as under. 
dGIC + Cr^' ^ = - v Z A ^B^ • HB _^p—^_,^—^p 
1st step is formation of monochelate with dGIc acting as 
monodentate ligand bound to Cr^' at the'anomeric hydroxyl group 
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to yield the anionic species A2-. This intermediate may directly 
decompose to give product and is acid catalyzed. 
{[CraO/Ha (dGlc)2]'^} shown as in B"^  
The intermediate B^', yields the redox products directly by 
deprotonations. 
If A^' behaves as a steady state, the rate law corresponding to 
this mechanism is: 
-d{CrVI}/dt =k obs [CrVI] = {(kj i [H+] + k3ik22 [dGIc] + k4ik32k22 
[dGIc] [H*] + k42 k32 k22 [H*] [dGIc] ki [dGIc] x [Cr^']/k-i +k22 [H*] + 
k22[dGlc]} (1) 
If k22 [dGIc] >>ki + k22 [H*] - eq (1) can to simplified to 
V = {(kik2i/k22) [H*] + kik3i [dGIc] + kik32k4i {H* ] [dGlc ]+ kik32k42 
[H+]^ [dGIc] [Cr^'] 
A free radical mechanism has been proposed 
DGIc + Cr^' > dGIc + Cr'" (2) 
DGIc + Cr< '^> > dGIca + Cr^ (3) 
DGIc + Cr^ > dGIca + Cr'^ (4) 
Cr"^' is formed in the slow steps yield Cr'" and the radical 
dGIc. Which are consumed in subsequent fast step. Cr(V) formed by 
rapid reaction of the radical and Cr(VI) further oxidizes dGIc. 
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The reaction of KzCrsOr (0.075 moldnT^) with dGIc (0.75 
moldm'^) in HCIO4 and 25°C resulted in formation of as relatively 
stable Cr*'^ * species. 
For structure of Cr(V) species g = 1.9781 which is typical of 5 
coordinated oxochromate (V) complexes. 
In 6 coordinated oxochromate species 6"^ position is occupied 
by molecules of solvent yielding [CrO I2 (OH)^]. 
be: 
A possible mechanism for the oxidation of dGIc by Cr^ could 




"^ ~^ oy 
OH 
^_±i°-> 
H2O 0 C 
Cr 






I (11, III) H* ^ C r ( l l l ) + dGIca 
->Cr (III) + dGIca 
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Total rate law for the oxidation of dGIc by Cr^ is given as -d/dt 
[CrV] = p^ [Cir^] » (2.52X10-4 + 54.0 IH*] (dGIc) ~ [Cr^] stoichiometry 
of the reaction shows that the Cr^, dGIc ratio is 1:1. they have 
proposed that is all species dGIc binds Cr(V) at C(l) OH and C (6) 
OH hydroxyl group is formed. But coordination through C(3)0H and 
C(1) OH may not be disregarded. 
All kinetic observations conform Scheme (2) determining step 
must involve reduction of Cr(VI) to Cr(IV) and that Cr(V) has to be 
formed in a subsequent rapid step supported from Cr(VI) decay 
data. 
''^^Chellamani and others have reported that the oxidation of 
cinnamaldehyde by Cr (VI) in 90% aqueous acetic acid follow 
second order kinetics, first order each in [cinnamaldehyde] and [Cr 
(VI)] at constant ionic strength and [H*] chromic acid ester is 
suggested as intermediate. 
Oxidation of succinic acid by chromic acid has been studied by 
^ "Varea Ama and others at high concentration of HCIO4. Two 
simultaneous routes for the reaction were detected where the order 
of reactions with respect to [Cr VI] is one and two respectively. The 
kinetic order with respect to organic substrate is invariably one. 
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^®^K Aruna and P. Manikyamka has proposed that oxidation of 
cinnamic acid and substituted cinnamic acid by quinolinium 
dichromate is first order each is [oxidant] and [cinnarfiic acid]. The 
reaction is acid catalyzed and Hammett'? acidity function HO, is 
used as measure of acidity of the mediunr). The second order rate 
constant k2, determined at different concehtration of cinnamic acid 
and (QDC) are reproducible. 
This reaction is acid catalyzed and logarithm of rate constants 
k2 at different concentration are linearly related to Hammett's acidity 
function, HO with nearly unit slope. 
Proposed rate law is, 
-d/dt [QDC] = k [(A) [QDC]] HO 
A medium of low dialectic constant is more favorable for the 
oxidation. Change in ionic strength has rtiegligible effect on rate, 
suggesting a dipole interaction between the oxidant and the 
substrate. The effect by substituent using both electrons releasing 
and electron withdrawing substituents have been studied. Electron 
withdrawing retards and electron releasing group enhances the rate 
of oxidation. 
The detailed possible mechanism with structural changes for 






























(t)CHO + Cr (IV) + other products 
Rate expression from above scheme is 
-d/dt [QDC] = kik2k3 [QDC] [CA] HO. 
The values of entropy of activation, AS* are all negative 
suggesting that transition state is more solvated and hence 
stabilized compared to the reactant. 
The free energies of activation AG* remain constant 
suggesting operation of unified mechanism with different 
substituents. 
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167-168^ Pandurangan and others studied oxidation of Benzyl 
alcohol by tetraethyl ammonium chloro chromate. 
Stoichiometry of reaction is ;-
3PhCH20H + 2Cr^* > 3PhCH0 + 6H* + 2Cr*^ 
< 
Oxidation is reported with respect to [TEACC] the rate 
increases with the concentration of alcohol with the first order 
kinetics, A plot of 1/Ri vs 1/BA is linear with intercept on the rate 
ordinate. This implies that a Michaelis-Menton type kinetics is 
followed with respect to [alcohol]. The following mechanism may be 
postulated. 
TEACC + alcohol K ^ complex 
< — -
R2^ 
Complex ^ ^ products 
slow 
The reaction was catalyzed by acid and showed a first order 
dependence on [H+]. Oxidation of benzyl alcohol has been carried 
out at 5 different temperatures. The thermodynamic parameters are 
also reported. AH = 49.0 & KJ/Mol, AS = -162.56K3/mol 
AG =98.34 KJ/mol, 
The high negative entropy of activation suggests that the 
solvent molecules are strongly oriented around the transition state, 
thereby resulting in the loss of entropy. This accounts for lowering 
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of the rate coefficients with increase in polarity of medium. The 
results suggested hydride ion transfer in the rate determining step 
TEACC oxidation. It may take place directly as in scheme, or may 




H + 0 Cr 0-TEA* Slow -•PhCH0H + (0H)2CrCI0"TEA* 
CI ^OH 
PhCHOH '^ '^ >PhCHO + H^ 
Scheme 1 
0—TEA^ ^"^ -»PhCHO + OHCrCIO-TEAXr(VI) 
Scheme 2 
Further it is suggested that chromate ester formation is the 
rate-determining step (scheme 2) although scheme 1 cannot be 
totally ruled out. And also that chromate intermediate will be better 
stabilized in the less polar medium and will enhance the oxidation 
rate. 
i69-i75g R3jagopal and his group have investigated Micellar 
catalysis on the redox reactions of dialkyi sulphides with Cr(VI). Cr 
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(VI) oxidation of diethyl sulphide, di-isopnopyl sulphide, di-n-butyl 
sulphide and di-t-butyl sulphide in 99% acetonitrite 1% water (V/V) 
follows second order kinetics, first order in each reactants. 
To overcome the solubility problenn in anionic and cationic 
micellar media, different acids like perchloric and sulphuric acid 
were used. The redox reaction is catalyzed by both HCIO4 & H2SO4 
but catalysis is more enhanced in HCIO4. Tihe order of reaction with 
respect to [H*] is unity in H2SO4 and more than one in HCIO4. 
Scheme for Cr (VI) oxidation of dialkyi sulphides in aqueous 




1:28+ > ^ ^ ' - ^ > I I 
OH . pH 
R 
OH, OH 
o Cr O' ligand coupling 
I > RjSO + HjCrOj 
S' of O' & S, fast 
R 
H2Cr03 + R2S ^ ' ^ ' ' " ^ > R2SO + Cr(lll) 
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The redox reactions of all dialkyi sulphides are catalyzed 
anionic surfactant, SDS but the catalytic activity of the surfactant 
increases with increase in hydrophobicity of the substrate. 









The reaction is miceller catalyzed because the local 
concentration of the reactants in the snnall miceller volume is very 
high as compared to the aqueous phase. Again with the increase in 
[surfactant], concentration of Cr (VI) in the micellar phase, 
[H2Cr04]M also increases which may also partly be responsible for 
the increase in kobs-
CTAB inhibits the reaction due to repulsion of H* from the 
micellar surface and unfavorable condition due to the development 
of positive charge on sulphur after electron transfer to the oxidant. 
Increase in [CTAB] leads to change in substrate from less 
hydrophobic to more hydrophobic. 
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^^^"""^^Masaru Kimura and other have reported the kinetics and 
Mechanism of the Copper (II) catalyzed oxidation of the iodide ion 
by chromate (VI) ion in an aqueous solution. Although the Cr (VI) 
ions, Cr04"^ and HCrO'4, which are described as Cr^' herein, could 
hardly oxidize the iodide ion to iodine above pH 3.0, it v^ /as 
catalytically oxidized by adding traces of Cu (II) ion. When a Cu(ll) 
\-7 \-2 solution of 10' - 10 moldm"'* was mixed with an iodide solution, 
after a fast formation of iodine, the iodine concentration remained 
constant. Now if a chromate solution was added to reacting mixture 
the iodine began to form again in accordance with a rate law. 
2/3 (d [l2]/dt) = d [Cr^'] dt = k [Cu I] [Cu^']. In which [Cu I] is 
the steady state cone in the chain cycle CuT/Cu I. 
i78-i842gf^gg,. Khan and others have reported the oxidation 
kinetics of DL serine by Cr(VI), spectrophotometrically in aqueous 
sulphuric acid. The reaction occurs through the both. 
HO - CH2 - CH(NH3) - COOH slow -). OHC -CH(NH3) - COOH 
fast 
(NH3) CH2 - COOH + CO2 
V 
An intermediate, 2-amino 3-oxo propanoic acid has been 
identified as its hydro zone derivative [Mn(ll)] had no effect on the 
reaction rate. 
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The proposed mechanism is:-
H2Cr04 + H2SO4 > H0Cr(0)2 OSO3H + H2O 
HO Cr(0)2 O S03H + HOCH2 CH(NH3) COOH Kes 
HSO3O Cr (0H)2 (O) OCH2CH (NH3) (OOH) 
k. 
OS + H2SO4 
Fast >lserine 
^ Cr(V) + H0CHCH(NH3) COOH 













NH3 CH2 COOH 
fast 
Cr(IV) + Serine > Cr(ll l) + HOCHCH (NHalCOOH 
fast 
2Cr (IV) > Cr(V) + Cr(ll l) 
fast 
HO-CH2CH(NH3)COOH + Cr (V) > Cr(l l l) + A 
The net rate law is:-
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ki Kes [HjSO*]^ [DL-Serine]T 
Kob» -
1+ Kes [DL-Serine]T 
The values of ki and Kes have been calculated from the 
intercepts and slopes of the plots of 1/kobs vs 1/ [DL-Serine]T at 
constant [H2SO4] 
185-192^ 1^ 11 Bhaiekar and others have investigated the problem 
of obtaining first order rate constant in the oxidation brought about 
by chromic acid. It has been pointed out by the authors that if 
HCr04' is the active oxidizing species than the reaction rate 
constant should increase with the progress of the reaction because 
it has been shown that proportion of HCr04' increases with dilution. 
However, in most of the papers dealing with the oxidation by 
chromic acid, the rate constant has been reported to remain 
unaffected. The Cr (VI) solution contains large number of species 
such as H2Cr207, HCr207", Cr207', H2Cr04, HCr04", Cr04' etc. and it 
is always a major problem to identify the active oxidant. It has been 
shown that in moderate acidic solution, Cr(\/I) largely exist as 
HCr04" and Cr207'^ with equilibrium constant, k = 2.3X10'^ M. It may 
be noted that the kinetic investigation of such reaction is based on 
considering total Cr(VI) concentration with time and the reaction is 
studied in large excess concentration of the reductant. Under these 
conditions, the rate constant calculated on the basis of total Cr (Vl) 
98 
concentration is reasonable if the concentration of oxidant is kept 
below 2x10'^M 
The representative reaction scheme is:-
CrzOy'^ + H2O > 2HCr04" (fast equilibrium) 
S + HCTOA' ^ Products (slow) 
Where S is a substrate (organic or inorganic) being oxidized. 
The rate of reaction far the above Scheme is :-
-d [Cr^'j / dt = k, [HCr04'] 
Where ki is the first order rate constant and constrains the 
concentration terms of the substrate. 
193-199^ 1^  Das and others have studied the oxidation of 
formaldehyde by Cr(VI) and also investigated the effect of micelles 
on reaction rate. They have suggested that HCr04' is the main 
active oxidizing species in the absence of the surfactant picolinic 
acid (PA). For the presence of surfactant however they have 
suggested the formation of Cr (Vi) PA complex. 
In PA catalyzed path it is suggested that complex undergoes 
nucleophilic attack by substrate and subsequently, the oxidation 
occurs and the complex is concerted to Cr(l l l) PA complex whereas 
in uncatalyzed reaction Cr (VI) substrate ester undergoes a two 
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electron transfer to give the final product. The reaction shows 
second order dependence on [H*] whereas in presence of surfactant 
the reaction does not depend on the concentration of hydrogen ion. 
The reaction has also been studied in the presence of cationic 
micelles, CPC and ionic nnicelles of SO3. 
It has been reported that CPC inhibits and SDS catalyzes the 
reaction. Scheme for Cr (VI) oxidation of formaldehyde in the 
absence of picolinic acid is:-
H2C(OH)2 + hr + HCr04" ^== : ^ H2C(OH)-0-Cr02-OH + H2O 
(1) 
1 + H3O* ^ = i r * HO-CH2-0-{Cr02-*OH2) + H2O 
(2) 




+l2 _ i+ i2 kobs iu) = 2/3 kik2ki [ H C H O H H T = K [ H C H O J T ( H ^ 
+ l 2 
= ks(M) [ H C H O J T = KHCM) [ H ^ 
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The surface active agents which reduces the surface tension 
of the solution are called surfactants. The most commonly used 
surfactant is soap. The detergents are made up of two parts. 
(a) The hydrophilic or ionic part which is attracted toward water 
molecules due to their polarity making the surfactant water 
soluble. 
(b) The hydrophilic part which is non polar and repelled by'water 
molecule. The surfactants, on the basis of chemical structure 
of the head group are categorized as cationic, anionic, non-
ionic and zwitterionic. The surfactant molecules undergo self 
aggregation to form micelles depending upon the 
concentration of monomers. The lowest concentration of 
monomers at which the micelles are formed is called critical 
micelle concentration (cmc). For a particular surfactant the 
value of the cmc depends upon temperature, hydrocarbon 
chain type, head groups and the nature of addition, if any. 
The micelles are in the state of dynamic equilibrium with 
varying number of monomers forming the aggregate at different 
concentrations. The micelles interacts with polar and non-polar 
solute due to its hydrophilic and hydrophobic regions. 
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The surfactants have found number of applications in 
industries, biological system and daily life due to formation of the 
micelles. One of the most important and useful properties of 
micellar system is exhibited in their ability to solubilize a number of 
non-ionic chemical species which would otherwise be insoluble in 
aqueous medium. The solubilization is possible due to non-polar 
micro-environment provided by the core group of micelles within the 
aqueous medium. The solubilization site depends on nature and 
structure of the solute^°°""^ 
There exists a rapid equilibrium between various possible sites 
on one hand and between the solubilized state and free state of the 
solute in bulk on the other. During the solubil ization, reverse 
micelles are also formed which play an important role particularly in 
removing polar dirt from the clothes. Micelles in non aqueous media 
may be used in molar oils to solubilize oxidative products caused by 
corrosion. The micellar solutions are effective in removing the 
odour from factories of food packing plants. The use of micellar 
solutions in photographic process and solubilization of colored 
impurities in paper industries is also well known. The other 
applications of micellar system are: 
(a) Inhibiting corrosion^"'. 
(b) Improving recovering of oil products^"'*"^"*. 
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(c) Conversion of energy which can be used for storage of solar 
energy in a useful form^°*'^°^. 
The biological application of surfactant has been found in the 
role it plays in altering transport across membrane in biological 
system. Low concentration of polysorbant-80 and other ionic 
surfactant results in enhancing the permeability of membranes and 
this effect is maximal at cmc. It has been observed that sodium 
dodecyl sulphate protein complex can solubilize cholesterol. The 
surfactant are added to drugs as emusifiers. In this regard the 
relative affinity of drug for micelles in comparison to the membrane 
is an important factor of biological control of drug absorption. The 
transport parameters and partition coefficient of drug depends on 
cmc value of the surfactant. The high concentration of surfactant 
may cause tissue damage and decrease the thermodynamic activity 
of d rug"« . 
THE ROLE OF MICELLES IN KINETICS 
The surfactant catalyzed reaction have attracted the interest 
of number of researchers due to its close proximity with enzyme 
catalyzed reactions^"''^^^. 
Micelles effected catalysis^^' and inhibition on kinetics of a 
large number of reactions have been the subject of research^^*"^^'. 
The catalytic effect of micelles has been attributed to the fact that 
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micelles bring the reacting molecules in close proximity (generally 
stern layer). On the other hand the inhibition may be observed due 
to adsorption of one reactant and repulsion of the other by polar 
micellar surface. 
In view of the fact that the cmc of the surfactant depends on 
factors such as the pH temperature and other solute sometimes the 
value of kinetic cmc may be different for a particular system from 
experimentally determined value in a non-kinetic situation. The 
solubilization of non-polar substrate in the presence of surfactant 
was the major source of attraction to study the kinetics of organic 
and inorganic reactions in micellar system. The reaction occurring 
in the micellar system are treated in terms of pseudophase model, 
where in the micelle surface and solvent bulk are regarded as 
distinct phases. The distribution of substrate between aqueous and 
micelles phases is expressed in terms of Michaelis Menton type 
equation. 
^^^Grunwald and others have reported kinetic and 
thermodynamic analysis of the alkaline fading of Triphenylmethane 
dyes which follow a first order kinetics. It is shown by measurements 
of solubility, equilibrium constants or from the rate itself that major 
part of fading takes places in the micellar phase rather than bulk 
phase. The rate constant is depressed somewhat by both 
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detergents, although more so by the anionic one. On the other 
hand, k2 the constant depends on [OH'] is considerably greater in 
the presence of the cationic detergent than in the bulk phase, and it 
is very much smaller in the presence of the anionic detergent than in 
the bulk phase. 
X Y 
C* + OH' ^ 
X" 
Rate = ki [R*] + kj [R*] [0H-] 
^''^Grunwald and others have studied the rate of fading of 
tr iphenol methane dyes (R* for example crystal violet) and of 
sulfonphthalin indicators (R" for example from phenol blue) has 
been measured in alkaline solution in the presence of micelle -
farming detergent salts. The rate of fading of R* is greatly 
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accelerated by the addition of the cationic detergent, 
catyltrimethylammonium bromide, and is greately retarded by the 
anionic detergent, sodium lauryl sulfate. The rate of fading of R" is 
unchanged when SDS is added but R" is protected from fading in the 
presence of CTAB. Evidence of short range interactions between 
the micelles and the dye ions is obtained from the position of the 
visible absorption band of the dye ions. There is a red shift when 
the charge of the micelles is opposite to that of dye ions but there is 
no significant shift when the charge on dye species and micelles are 
same. 






0 + H- ? = » 
O" 
III, R' IV, ROH' 
Forward reactions (fading) 
Reaction 1: rate = ki (R+) + kj (R*) (OH") 
Reaction 2: rate = k2' (R') (OH") 
(3) 
(4) 
^""^Menger has proposed a pseudophase kinetic model for 
micelle catalyzed reaction, which has been further developed by 
219 Bunton and ^^°Romsted. 




Where 'M' and ' W denote the micellar and aqueous 
pseudophase and aqueous pseudophase respectively. S is the 
substrate, D^ is the micellised surfactant (where Dn = [D] - cmc/N) 
and Kg is the binding constant of the substrate to micelles and is 
given by: 
Ks = [S^J / [S^ } [Dn] (1) 
In confirmation with the above scheme the following rate 
equation may be obtained: 
K„ = k;, + k;^  ks [Dn] / 1 + ks [D.] (2) 
The above equation holds for the unimolecular reaction 
occurring in the micellar system. 
^^""Bunton and Robinson have studied the hydrolysis of 2,4 
dinitrochloro benzene in water and aqueous-alcohol medium in the 
presence of surfactant. They observed that the reaction was 
catalyzed by cationic micelles of cetyltrimethyl ammonium bromide 
(CTAB) and retarded by anionic micelles of sodium dodecyl sulfate 
but a nonionic micelle had no effect. The rate constant, in the 
presence of CTAB, shows a maximum, the kinetic features were 
interpreted quantitatively in terms of incorporation of substrate and 
hydroxide ion into the cationic micelles. The parameters derived by 
measurements of solubilization of substrate showed that the 
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detergents affected the reaction rate by incorporating the substrate 
into the micellar aggregate, rather than by changing the solvent 
properties of water. Other workers have also proposed similar 
mechanism. It appears that the cationic micelles decrease the 
activation energy and anionic micelles increase it. 
^^^Bunton and his co-workers have investigated that the rate 
limiting step in the hydration of 1- benzyldihydro-nicotinamide (1a) 
and 1- benzyl-3-acetyl-1,4 dihydro pyridine (1b) is a slow proton 
transfer, as shown by the kinetic deuterium solvent isotope effects 
and buffer catalysis. Reactions in dilute HCI are strongly inhibited 
by cationic micelles of CTAB and the inhibition can be related to the 
micellar binding of the substrates determined spectrophotometrically 
or by solubility measurements. Anionic micelles of NaLS only 
weakly catalyze hydration in dilute HCI, and rate constants go 
through maxima with increasing [NaLS]. The dependence of rate on 
[NaLS] can be explained quantitatively in terms of substrate and H* 
incorporation in the micelle and formation of an un-reactive 
conjugate acid. 
It is found that micelles of sodium-n-dodecyl hydrogen 
phosphate are good catalysts, giving rate enhancements of «10^ 
relative to those in water. 
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HS* H O 
Fast* 
products 
It leads to equation 1 provided the protonation of the substrate 
to HS* or HS* depends on H* ion concentration rather than any 
other function of acidity. 
K„ = kH ka [H+] / ([H+] + ka) (1) 
1/K^ = 1/k>, ka + 1/kH [H+] (2) 
In presence of cationic micelles, the proposed scheme is: 





The inhibition gives 
_J<w+k„k,( [D]-cmc)l 
jUk,([D]-cmc)} 
S D M 
if '^ M = 0 then 
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J; -1=([D]-cmc) 
The micelle-catalyzed hydrolysis of Benzylpenicill in has been 
studied by ^''^Page and his co-workers. Micelles of cetyltrimethyl-
ammonium bromide catalyze the hydrolysis. The rate of reaction is 
inhibited by increasing concentrations of hydroxide ion and penicillin 
anion. A saturation phenomenon is observed with increased 
concentration of surfactant. Micellar catalysis is inhibited by 
bromide, chloride, acetate, fluoride and benzyl-penicillcate ions. 
The increase in rate on the addition of detergents above the 
cmc is given by scheme below: 






Where s is substrate, associated with micelle - M to form a 
substrate -
Micelle complex kw and km refer to bulk and micellar phase 
respectively. However, Romsted's treatment of a bimolecular 
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reaction between an anion and a neutral molecule assumes that 
binding of the two reactants is independent of each other. This 
does not allow for completion between reactants for micelle binding 
when both reactants are anions. On these lines, the following 
scheme has been proposed 
P + M 7 - ^ - ^ MP + P -^ i i -> MP 
1^  
K3 (OH 







MOHP —iM_y Product 
P, M and OH refer to the penicillin anion, micelle and 
hydroxide ion respectively, while MOH, M(0H)2, MP, MP2 and MOHP 
refer to binary as ternary complexes. Only MOHP, the ternary 
complex between micelle and the two reactant molecules, leads to 
product. 
^^^Kalumitu and others have studied the oxidation of formate 
by iodine in micellar solutions of alky! tri methyl ammonium chloride. 
In the presence of cationic micelles of decyl and dodecylmethyl 
ammonium chloride the reaction takes place only at the micellar 
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surface. The second order rate constant rose steeply to a maxima 
at cmc and then decreased monotonously with increasing surfactant 
concentration. The increase in the reaction rate in cationic 
surfactant solution has been interpreted in terms of an increase in 
surface concentration of the formate ion arising from the 
electrostatic interaction with the micellar ion. 
^^^Ponti and co-workers studied the kinetics of decarboxylation 
of 6-nitro-benzesoxazole-3-carboxylate ion in cationic micelles. The 
rate of decarboxylation of 6-nitro benzesoxazole-3-carboxylate ion 
increases sharply with increasing size of the head group in a series 
of cetyl trialkyi ammonium bromide. 
(CieHsaNRsBr, R-Me, CTAB, R=Et, CTEAB, R = Pr, CTPAB, 
R=Bu CTABBr) with rate enhancement of 10^ (CTAB) and 2.8x10^ 
(CTABr). Micellized tetra decyl quinuelidinium bromide are slightly 
better catalyst than CTABr. 
These differences in catalytic efficiency depend on the head 
group structure and the extent to which the cationic head groups 
become less accessible to water rather than overall micellar 
structure. 
The kinetics of acid, base and metal ion catalyzed hydrolysis 
of cis (diformato) bis (ethylene diamine) cobalt (111) has been 
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investigated by "^Mohanty and Das in the presence of neutral 
(Triton X-100) and anionic surfactant (SDS). The rate of hydrolysis 
accelerated in the presence of neutral micelles. The anionic 
micelles of SDS retard the hydrolysis reaction but strongly favour 
the formation of the protonated species, cis-[Co(en)2]{H(02CH2)}]*^ 
and binuclear species, cis [Co(en)2[M(0(Oh)2}]*^ which accelerate 
the rates of H* and M*^ catalyzed reactions. 
^^^Dash and others have studied micellar effect upon the 
reactions of complex ions in solution. The binding of the substrates 
cis - [Co(en)2BCI]^* (en=1,2 diamine ethane, B = alkylamines. 
imidazole, N - methylimidazole) to the micellar surface of SDS 
resulted in the retardation of their dissociative aquation rates, the 
effect being sensitive to the hydrophobicity of the non-labile amine 
ligand B. A smaller rate acceleration for the corresponding 
ethanalamine and propan-2-al amine complexes was observed under 
similar conditions. Triton x 100 (0.02 < [Triton X]T / mal dm'^ < 0.1) 
had virtually no effect on the aquation rates of such complexes 
except for cis - [Co(en)2(C6HiiNH2) Cl]^* in which case small rate 
retardation was observed. The rates of base hydrolysis of the 
Co(l l l) substrates was strongly retarded by the anionic micelles of 
SDS. Triton x 100 deaccelerated the rate of base bydrolysis of the 
cyclohexylamine complex cis - [Co(en)2 (CeHnNHa) Cl]^* only. The 
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pseudophase ion exchange equilibrium model satisfactorily 
explained the binding of the cationic substrate to the anionic 
micellar pseudophase of SDS. The values of the ion exchange 
equil ibrium constant and the relative base hydrolysis rates ( K ^ / K M ) 
indicated that both micellar binding and retardation of hydrolysis are 
governed by hydrophilic and electrostatic interactions. 
Scheme for the effect of SDS and Triton xlOO on the rates of 




-> Product "^ 
C^' = cis - [Co(en)2 (CeHnNHz) CI] 2+ 
Pseudo first order rate constant consistent with the above 
scheme is -
^k^+kjDn] 
'~ 1 + kjDn] 
Scheme for effect of SDS and Triton x100 on the rates of base 
hydrolysis of cis - [Co(en)2(B) Cl]^* is 
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2Na" Cf,*+ 2Na' 
^ Products "^ 
The observed pseudo first order rate constant (k,^) is given by 
1/ _ kyy +k^kg^ / Y r 
1 + k../YF 
^ [CM^*)YF ,^  . ^ ,^ • 
K„ = i—TTTA— ; It IS pseudo phase ion exchange equihbrium wr 
constant. 
^^^Sicilia et al. have observed the reaction between cerium (iv) 
and arsenic (iii) catalyzed by metal ion in the presence and absence 
of micelles. The rate of the reaction increases in the presence of 
micelles of dodecyl trimethyl ammonium bromide (DTAB). Authors 
have also determined that both micelle and ion catalyzed reaction 
occur in parallel and catalytic efficiency of the two system and the 




Matondo and others have observed the effect of micellar 
media on the kinetics of hydrolysis of the potential pesticidal N-
(kyridals) carbamates I (R = Ph or Me) in water - dioxane media. The 
rate is slightly lowered in the presence of SDS micellar medium. On 
the other hand in the presence of CTAB the rate speeds up for I 
(R=Ph) whereas a small decrease is observed for I (R=me). Those 
results have been explained by a pseudophase kinetics model 
coupled with the hydrolysis mechanism of these components in 
water - dioxane solution. Rodenas and others have observed the 
effect of SDS micelles on the oxidation of alcohols with chromic 
acid. The rate constant increases with constant increasewith 
surfactant concentration. The rate constant for the oxidation of 1-
hexanol reached a maxima and then decreased as the SDS 
concentration is further increased. The reaction occurs in the 
micellar and the aqueous phase with the H and Na species 
distributed on the micelles surface. 
The kinetics of complexation of Ni*^ by 8-quinalinal (oxime) 
was investigated in neutral (Triton x100 and Brij 35), cationic 
(CTAB) and anionic (SDS) micelles. 
"°Mural idharan and others have interpreted the kinetic result 
by using a distribution model, considering concurrent pathways for 
the complexation of Ni*^ by neutral oxime and its anion both in the 
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aqueous and micellar phases. The distribution constants of the 
species involved were determined by spectrophotometric 
measurements. The neutral oxime in the micelles resides in the 
hydrocarbon portion of the micelles and this is supported by its 
distribution constants. The oxime anion exhibits a greater 
acceleration unit, interaction with Ni*^ than the neutral oxime. The 
kinetic data indicates that the complexation occurs in bulk aqueous 
and the micellar phases and there is no contribution from the 
aqueous micellar interface. 
^'"•Engberson and Kovdijis have studied the oxidation of 1-R-1, ^ 
4 dihydro necatinamide [R=benzyl (I), octyl (II), cetyl (III)] by 
methylene blue in the presence of micelles of cetyl trimethyl 
ammonium bromide, Brij 35 and sodium dodecyl benzene sulfonate 
(SDBs). In the presence of CTAB a small rate enhancement has 
been observed below the cmc followed by gradual decrease above 
the cmc. Brij 35 has marginal effect on the reaction rate. The rate 
in SDBs shows a very sharp maxima near the cmc for (II) and (III) 
whereas a moderate increase in the rate is observed for (I). These 
effects have been analyzed in terms of the pseudo phase models for 
the micellar catalysis and it appear that the observed rate 
enhancement is completely ascribed to the increments of the 
reactants concentration in the micellar pseudophase. The reaction 
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m SDBS micelles produces more polar environment than SDS 
micelles. This provides kinetic evidence that the acryl moiety in 
SDBS allows a deeper penetration of water molecules into the 
micelles thus giving rise to a more open surface for SDBS micelles 
than for SDS micelles. 
^^^Panigrahi and Sahu studied the effect of cationic micelles of 
N-dodecypyridinium chloride on the oxidation of acetophenones by 
Ce(iv). The surfactant was found to inhibit the reaction. The 
substrate depletion in the aqueous phase as a result of micellar 
binding was responsible for further decrease in reaction rate. 
^^^Pere2: and Rodenas studied the catalytic effect of SDS 
micelles on the Cr (vi) oxidations of alcohols in the presence of 
HCIO4. The pseudo first order rate constants for water insoluble 
alcohols like 1-hexanol and 1-octanol show a fall after the maxima 
with SDS concentration while water soluble alcohols (benzyl alcohol, 
2-propanol and 1-butanol), increases with SDS concentration 
showing a maxima. These kinetic results were explained by the 
pseudophase ion exchange kinetic model by considering that 
micellar counter ions and [H*] ions compete for the ionic head 
groups of the micellar surface. 
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The kinetics of oxidation of amino acids by chloro amine T in 
the presence of two cationic and anionic surfactants in acidic 
medium has been studied by "^Nagar and Solanki. The reaction is 
fractional and first order with respect to substrate and the oxidant 
concentration respectively. The effect of surfactants on the reaction 
show that the reaction rate is highly sensitive to the variation of 
surfactant concentration. The micelles substrate binding constant 
(K) and cooperative index have been calculated. 
^'^Nakagaki and Ycekoyama have investigated the base -
catalyzed hydrolysis of acetyl choline chloride (Ach) in the presence 
of cationic and non-ionic surfactants. The cationic surfactant of 
dodecyl trimethyl ammonium chloride (DTAC) at the concentration 
below the CMC resulted in large decrease in the rate for the 
hydrolysis of acetyl choline chloride (Ach). This is indeed due to the 
formation of a 1:1 complex between Ach and DTAC. In the presence 
of heptaoxyethylene dodecyl ether (HED) - DTAC mixed micelles 
binding constant is observed to decrease with the mole fraction of 
DTAC. Thus, Ach molecules appear to penetrate into the core of 
micellar phase and are shielded from the attack by OH" for 
hydrolysis. 
The kinetics of oxidation of malonic acid by chromic acid in the 
presence of SDS has been studied by ^^^Panigarhi and others. The 
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rate of oxidation in the presence of SDS micelles is first order each 
in [Cr(VI)] an [H*] but second order in [nnalonic acid]. The rate of 
oxidation is inhibited by NaLS. The reaction largely takes place in 
aqueous phase and active Cr(VI) species is H2Cr04. 
^'^Fauzia and Beg have investigated the kinetics of base 
hydrolysis of p-nitrophenyl acetate in the presence of non-ionic 
surfactant. In the presence of non-ionic surfactant (Tween 20,40, 60 
and 80), the rate of hydrolysis decreases, however increase in 
hydrophobic chain length had no significant effect. The decrease in 
the reaction rate is explained on the basis of micelles structure and 
micellar inner polarity. 
The oxidation of pyrogallo! red (PR) by peroxodisulfate in the 
presence of dodecyl trimethyl ammonium bromide (DTAB) has been 
reported by ^^'Silicia and others. 
It is catalyzed by Pb(ll). It is suggested that Pb (II) 
accelerates this reaction by formation of a complex with PR, which 
binds to the micellar surface. The micellar catalysis of DTAB can be 
used for the selective spectrophotometric determination of Pb (II) 
over the range 2-18 mgmL'V 
^^'Bacaloglu and others have studied the effect of micelles on 
the oxidation of 2-chloroethylphenylsulfide (I) by peroxymonosulfate 
ion (HSos). The second order rate constant in the micellar 
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pseudophase (km) is smaller than Kw in water. The oxidation rate of 
these reactions are retarded by decrease In the water content of 
aqueous acetonitrile in mixed solvent and micellar rate effects are 
consistent with transition states in which positive charge builds up 
on sulfur. 
The kinetics of oxidation of orange II by Cr(VI) in the absence 
and presence of surfactant has been studied by ^*°Reddy and 
Sarada. The reaction is first order with respect to the concentration 
of each of the reactants and rate increases by Increasing [H*]. The 
non-ionic surfactant Brij 35 inhibited the rate of oxidation nearly ten 
fold while anionic micelles of SDS had no effect on the rate. The 
cationic micelles of CTAB strongly inhibited the rate. 
24i-242yjjjj^g Nagar and her co-workers have studied the 
kinetics and the mechanism of relative catalytic activities of 
surfactants in the oxidation of amino acids by chloro amine - T in 
acidic medium. The kinetics results show that the reaction is 
fractional and first order with respect to [substrate] and [oxidant] 
respectively. 
The proposed scheme is 
Dn + S ^ DnS 
ko products km 
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From a system where catalysis is observed at [surfactant] 
close to cmc, the above scheme provides suitable rate equation. 
The concentration of micelles Dn is given by: 
[Dn] = (Co - cmc)/N 
Where Co is stoichiometric concentration of the detergent; 
N is the aggregation number 
Kobs - ko / km - kobs = K (Co - cmc) /D 
^^^Lohedan and his co-workers have observed that the cationic 
micelles of myristyl trimethyl ammonium bromide (MTABr) and Cetyl 
trimethyl ammonium bromide (CTABr) inhibit the hydrolysis of N-
alkyl -2 - chloropyridinuim salts (alkyl = Me, Et, Pr) because the 
substrate are largely in the aqueous pseudophase which is 
depelected in OH' by cationic micelles. Added Br" displaces OH' 
from the micelles and decreases micellar inhibition. The 
corresponding reaction of decyl and tetra decyl is catalyzed by both 
MTABr and CTABr which bind both reactants. These diverse rate 
effects have been accounted for quantitatively in terms of the 
pseudophase ion-exchange model. The distribution of both reactants 
between the aqueous and micellar pseudophases have been 
assessed and used for evaluation of kinetic parameters. 
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Sar and Ghose have studied kinetic of alkaline hydrolysis of 
N- phenyl benzohydroxamine acid in the presence and absence of 
cationic cetyl tri methyl ammonium bromide (CTAB), Cetylpyridinium 
Chloride (CPC), anionic sodium lauryl sulfate (NaLS) and non-ionic 
(Triton X100). The cationic and anionic micelles enhanced the rate 
of hydrolysis but non-ionic micelle had no significant effect. The 
micellar catalytic effect has been found to follow the order: 
CTAB>NaLS> Triton X100. Basically the effect on reaction rates 
have been attributed to electrostatic and hydrophobic interactions 
between substrate and the surfactant aggregate. 
^^^Zhu and Zhao studied the deacylation reaction of p-nitro 
phenyl propionate and acetate in buffer aqueous solution with and 
without ammonia and the effects of cetyltrimethyl ammonium 
bromide (CTAB) micelle. The pseudo first order rate constant of the 
deacylation reaction with ammonia shows higher value than that in 
the buffer of the same pH but without ammonium CTAB micelles 
show positive catalysis on the reaction in the sysXem without 
ammonia. But the system including ammonia, CTAB micelle shows 
catalytic effect only at high pH and negative catalytic effect when 
the pH is less than 9.6. Only hydrolysis occur in the system without 
ammonia. Both hydrolysis and amminolysis occur in the systems 
127 
with ammonia. The CTAB micelles appear to enhance the reaction 
rate of hydrolysis and reduce the value of amminolysis. 
^^^Ramakrishna and Rao have studied the kinetics of reaction 
between p-benzoquinone and Cobalt (II) EDTA complex in the 
absence and presence of surfactant. The rate is inhibited by 
increasing [H*] and the reaction obeys first order kinetics with 
respect to each reactant concentration. The reaction is accelerated 
by cationic micelles of cetyl tri methyl ammonium bromide (CTAB) 
even at concentration lower than cmc. This shows the sub micellar 
aggregate of CTAB also have catalytic effect. 
^^^Khan and Arifin studied the effects of Li* and K* ion in the 
presence of micelles on the rates of intra molecular general base 
catalyzed methanalysis of ionized phenyl salicylate. The pseudo first 
order rate constant (kobs) for methanolysis of ionized phenyl 
salicylate (P5) decrease 3.5 fold with increase in [CH3CN]. The 
values of AH* and AS* are not significantly effected by the presence 
of CH3CN in mixed aqueous solvents. The presence of 0.01-moldm'^ 
LiOH, however, causes the increase in AH* and AS* of 3.82 K cal 
mol"^ and 10.3 cal K'' mol'^ respectively. An increase in the total 
concentration of [ C T B ] T from 0.0 to 0.01 mol dm'^ decreases kobs in 
the presence of 0.01 mol dm'^ Li*^ and K* ion respectively. 
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^**Ryabow and Goral have studied the kinetics of oxidation of 
n- alky! ferrocenes (RFc) (alkyl = H, Me, Et, Br and C5H11) by H2O2 
to from the corresponding ferrocenium cations catalyzed by 
horsenradish peroxidase (HRP) in micellar systems of Triton X100, 
CTAB and SDS, mostly at pH 6.0. The rate of oxidation of 
ferrocenes with long chain a\ky\ radical is first order in both [HRP] 
and [RFc]. Rate constant is lowered by increasing the surfactant 
concentration. This has been attributed to the non-productive 
binding of RFc to the micelles rather than the enzyme inactivation. 
^*'Ali and his co-workers have studied the kinetics of the 
reaction of ninhydrin with six amino acids in the presence of cationic 
micelles of CTAB and anionic micelles of SDS at pH 5.0 at 575 nm. 
Both micelles strongly inhibit the reaction due to the association of 
the substrate with the micelles. The results are best accounted for 
by the distribution of substrate into micelles and aqueous pseudo-
phases as well as the combination of substrate molecules with 
surfactant molecules. 
The negative k values suggest that the reaction does not 
occur in the micellar reaction zone (stern - layer). The non-polar 
side chain of amino acids play no significant kinetic role. 
Association of a dehydrated form of ninhydrin at the surface of the 
micelles is negligible. 
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Scheme 1 can be written to describe the reaction in which Dn, 
S and SDn represent micellized surfactant, amino acid and absorbed 
amino acid respectively 
Dn + S 
K. 2 ninhydrin 
Product 
SDn 
K„ 2 ninhydrin 
V 
Product 
Were K,. is the equilibrium constant between the substrate in 
the aqueous micellar phase and Kv^ and K\^ are the first order rate 
constants for reactions in the aqueous and micellar phases 
respectively. The subscripts w and m represent the aqueous and 
micellar pseudo phases respectively. Using Scheme 1, the observed 
pseudo first order rate constant (kobs) of the overall reaction is 
related to the individual rate constants ( K ^ and K^) as well as K^  
through the relationship 
K U . =Kw + K'^ Ks [Sn ] / 1+Ks [Sn ] (1) 
Eq. 1 can be rearranged to give eqs 
2a + 2b 
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K - K 
w ^obs K . - K w m 
1 N 
( K . - K j J [KJSn] - 2a 
Km - K o b s 
= JS. ^ [ S n ] 
[Sn] = [surfactant]! - cmc 
N is aggregation number 
To calculate the index of co cooperativity (n) kinetic scheme 2 
is used According to scheme (2) a substrates molecule combines 






Km 2 ninhydrin 
V 
Product 
Scheme (2) relates Kobs to the micellar concentration through 
the relationship log - n log [Co] - log Ko 
Where [Co] is total surfactant concentration Ko is the 
dissociation constant of surfactant. Substrate complex is the index 
of cooperativity. 
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250 , Ghosh and others have reported a systematic study of 
cationic micelles of CTAB (CieHasH^MeaBr) and CPC 
(CieHssH + CsHsCI) and non-ionic micelles of Brij 35 
[Ci2H25(OCH2CH2)230H] and Triton X [Ci4H2i(OCH2CH2)ioOH] on the 
hydrolysis of N" benzyl benzo hydroxamic acid (BBHA) in 10% (v/v) 
dioxane -water medium under acidic conditions (0,87 MHCI). 
The acid hydrolysis of BBHA is first order with respect to the 
substrate and the acid concentration scheme 1 shows acid catalyzed 
hydrolysis of BBHA, which follows A - Acj mechanism with rate 
determining attack of water on the protonated BBA. 
C6H5C(=0)N (OH) CH2C6H5 + H3O* » C6H5C*(OH) N(OH) 
CH2C6H5 + H2O 
C6H5*(OH)N (OH)CH2C6H5 + H2O 
C6H5CH2NH2*OH 
-> CeHsCOOH + 
The overall mechanism in the presence of surfactant is given 
below 





"^Chatter jee and others have studied the kinetics of oxidation 
of L" ascorbic acid by cobalt (III) complex spectro-photometrically in 
the presence of cationic cetyl trimethyl ammonium bromide (CTAB) 
and anionic sodium dodecyl sulfates (SDS) in weak acid and basic 
media. The rate of ascorbic acid oxidation is influenced by the ionic 
nature of the micelles hydrophobicity of the coordinated ligends and 
the overall charge of the complex used. For ascorbic acid, the 
oxidation rate by CO (bipy)3^* is reduced in the presence of SDS 
while in the presence of CTAB micelle the reaction rate increases 
CTAB micelles also lead to rate enhancement in ascorbic acid 
oxidation by Co (EDTA)-complex. Based on kinetic results it is 
inferred, that the hydrophobic interactions dominated in case of the 
oxidant, Co (bipy)3^* and electrostatic interactions play an important 
role when Co(E.DTA)-complex is used as oxidant. 
^^^Yazbeck and his co-workers have investigated thialoysis of 
p-nitrophenyl esters by the anion of 2-mercaptoethanol (ME) is 
catalyzed by micelles of CTAB in aqueous solution. At fixed (ME), 
the observed rate constant (kobs) show saturation at higher 
concentration of consistent with ester binding in the micelles Plots 
of Robs vs [ME] are linear in the absence and in the presence of the 
CTAB and analysis of the slopes of the plots afford rates constants 
for thiolate ion attack on the esters in the aqueous phase (kN) and 
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in micellar phase (kCN). The strengths of substrate binding and 
transition state binding to the micelles are strongly correlated, with 
a slope of unity, because they have the same dependence on the 
ester chain. Consequently, the catalytic ratio (kCN/kN) are 
independent of the length of the ester. Similar behavior is found for 
thiolysis by the dianions of mercaptoacetic, 3-mercaptopropionic 
acid and cysteine and also for ester change by the anions of glycine 
and 2,22-trif luro-ethanal. The results are consistent with Kirly's 
dissection of transition state binding into" passive" and "dynamic" 
components. The passive component involves hydrophobic binding 
of the ester chain, which is more or less the same as in the 
substrate binding. The dynamic component is associated with 
reaction in the stern layer of the micelle, and its magnitude varies 
with the nucleophiles because of differences in their case of 
exchange between the aqueous medium and the stern layer. 
Following the approach developed for bi molecular reactions 
mediated by cyclodextrines analysis of the data is based on four 
competing processes 
1) Basic hydrolysis of the ester 
Es —^^j'—•products 
2) Basic hydrolysis within the micelles 
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Es + Surf 7~~» Es - Surf "' > products 
3) Nucleophilic attack in the medium 
Es + Nuc —'^ *—> products 
4) Nucleophilic attack within the micelles 
Es - Surf + Nuc —'txn—^ products 
Variation of the rate constant for ester cleavage with 
surfactant concentration; [Surf] is give by 
^ ^ (k,Ks-^kJSurf]-^k„Ks-^kcN[S^r][Nuc]) 
°^^ (Ks + [Surf]) 
Binding of the ester to the micelle is characterized by a 
dissociation constant 
Ks = [Es] [Surf] / [Es / Surf] 
In their studies ^^'Behme et al observed that the magnitude 
and direction of the effects of cationic, anionic and neutral micelles 
on the rate of aminolysis of p-nitrophenyl acetate and hexanoate by 
leucine and morphline differ considerably. Under some conditions 
of aminolysis by morphline is retarded by all three types of 
surfactants while in case of leucine reaction rate is considerably 
accelerated by cationic surfactants and retarded by anionic and 
neutral ions. 
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The kinetic effect of micelles has been predicted on the basis 
of electrostatic interaction, the hydropholic substrate and counter 
ions are attracted to the micelles, therefore, the cationic micelles 
catalyzed the reaction between a neutral molecule and anionic 
nucleophilic while anionic micelles inhibited such reactions. 
Gensmantel and Page have studied the reaction between two ions. 
The hydroxide ion catalyzed hydrolysis of negatively charged benzyl 













Micelles of SDS, polyoxyethenelauryl ether had no effect on 
the rate of hydrolysis. On the basis of electrostatic consideration 
the authors have concluded that the benzylpenicill in anion and 
hydroxide ion were repelled by the negatively charge micelles of 
SDS. 
The neutral micelles of polyoxyethylene lauryl ether did not 
affect the rate of hydrolysis due to lack of affinity for hydroxide ion. 
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The CTAB, micelles showed that the pseudo first order rate constant 
increased rapidly with surfactant concentration above the critical 
micelle concentration, which shows levelling effect at sufficiently 
higher surfactant concentration. On the basis of these studies, they 
have assumed that both hydroxide ion and penicill in are bonded to 
the micelle surface for hydrolysis. The overall proposed mechanism 
is 
^\A^ ^ ; 
y^. 
VI 






P + MOH 
A 
y-. 




Where P, M and OH refer to the penicillin anion, micelle and 
hydroxide ion respectively while MOH, M(0H)2, MP and MP2 and 
MOHP refer to binary or ternary complexes. Only MOHP, the ternary 
complex between micelle and the two-reactant molecules leads to 
products. The incorporation of the reactants into a limited volume 
decreases the loss in entropy in the transition state. This causes 
increase in the pseudo first order rate constants in the presence of 
surfactant micelles. 
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The effect of two non-ionic surfactants paloxalkal and 
polysorbate 80, on the aerobic oxidation of ascorbic acid was 
studied at 67° and pH 4.55 and 6.60. Results show dependence of 
oxidation rate on surfactant concentration. The rate increases below 
the surfactant's cmc and decreases above its cmc. 
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The following reagents with their respective commercial grade 
were used for kinetic and mechanistic studies of the oxidation of p-
toluidine, o-Toluidine and m-Toluidine by sodium dichromate in the 
presence and absence of detergents reagents were not further 
purified because the results were found to be reproducible within 5% 
error. 
List of reagents 
Name Symbols used Grade Manufactures 
p-Toluidne pTd LR GSC (India) 
0-Toluidine oTd LR E.Merely (India) 
m-Toluidine mTd LR GSC (India) 
















Nitric acid HN04 LR Qualigens 
(India) 
Sodium sulfate Na2So4 LR BDH (India) 
Sodium thiosulfate Na2S203 GR Loba Chemie 
(India) 
Starch GR Loba Chemie 
(India) 
F'otassium Iodide Kl GPR E. Merck (India) 
Spectrophotometer Bausch & Lomb 
(India) 
Preparation of stock solutions: 
For the preparation of the stock solutions doubly distilled 
water was used as solvent. Strength of chromate was measured 
iodiomatlcally against standardized thiosulfate. Fresh solution of 
Toluidines was prepared by warming it a bit in water. Stock solution 
of CPC (0.25 mol dm"^) and Tween-20 (0.045 mol dm"^) were 
prepared and its required volume was used in a particular run. In 
case of p-Toluidine, ionic strength (0.60 mol dm'^) was maintained 
by addition of sodium sulfate. Kinetic experiments were performed 
under varying concentrations of [substrate], [H*], [CPC], [Tween-20] 
and Temperature. The concentration of oxidant was kept constant at 
0.0002-moldm"^ throughout the kinetic experiments because 
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preliminarily experiment gave same pseudo first order rate constant 
at different oxidant concentration. All the kinetic runs were carried 
out under pseudo first order reaction conditions. 
S to ich iomet ry and product analysis 
Stoichiometry of the reaction is approximately two. 
3RNH2+5H2Cr04 ^ RNO2 + RN = NR + 4 Cr (0)2 + 8H2O 
For product analysis TLC test was done using ethyl acetate for 
extraction of reaction product from reaction mixture. The TLC was 
run using a solution of ethyl acetate with hexane as a mobile phase 
(in the ratio of 4:1). Two spots were observed in case of p-
Toluidine and o-Toluidine but in case of m-Toluidine only one spot 
was observed. For IR, ethyl acetate was used to extract the 
reaction products. Two peaks at 1300 cm'^ and 1500 cm'^ 
corresponding to nitro compound and azo derivative respectively 
v\iere observed in case of p-Toluidine and o-Toluidine but in case of 
m-Toluidine only one peak was observed at 1500 cm"^ 
Kinet ic Runs: 
All the experiments were carried out in glass stoppered 
corning conical flask, at required temperature. The temperature was 
maintained in a thermostat (water bath) at ± 0.1 °C of the required 
value, kinetic experiments were performed under pseudo first order 
164 
condition employing 10 fold (or greater) excess of [substrate] over 
[oxidant]. Kinetic runs showed, reproducibility within ± 5% of 
required value. The pseudo first order rate constants, kob» (min'^) 
was computed from the linear least squares plot of 4 + log Rt versus 
time (Rt is the microburette titration reading of 5 ml aliquote. 
FRequisite amount of substrate was taken in one conical flask and 
measured amount of oxidant and acid in another flask. The two 
flasks were thermally equilibrated for 20 minutes in a thermostat. 
Then substrate solution was added to the flask containing oxidant 
and acid solution and was mixed thoroughly by shaking. The 
progress of reaction was followed both iodometrically and by 
measuring absorbance (spectrophotometrically) asorbance was 
measured at p-toluidine (530 nm), o-Toluidine (640 nm), m-Toluidine 
(640 nm). The reactions were studied upto to 90% completions. 
The effect of both surfactants was measured, by adding 
appropriate amount from stock solutions keeping other conditions 
same. 
Abbrev ia t ions of Terms and symbols used in the d i scuss ion and 
Tables: 
pTd Unprotonated p-Toluidine 
PTd* Protonated p-Toluidine 
[pTd]o Initial concentration of p-Toluidine 
oTd Unprotonated o-Toluidine 
o l d * Protonated o-Toluidine 
[oTdJo Initial concentration of o-Toluidine 
mTd Unprotonated m-Toluidine 
m i d " Protonated m-Toluidine 
[mTd]o Initial concentration of m-Toluidine 
^ - HCrO'4 Ox 
Ox H2Cr04 
OxH H3Cr04* 
OyD Oxidizing species formed by interaction of 
oxidant and detergent 
Observed rate constant in the absence of any 
surfactant 
Observed are constant in presence of CPC 
Observed rate constant in presence of Tween-20 
Represents monomer as well as any aggregate 
present in pre and post micellar region of the 
cationic detergent (CPC) 
Represents monomer as well as any aggregate 
present in pre and post micellar region of the 
neutral detergent (Tween-20) 
Complex formed between protonated p-Toluidine 
and H2Cr04 
Fraction of complex Ce involved in route 1. 
Fraction of complex Ce involved in route 2. 
Complex formed between o-Toluidine and 
H2Cr04 

OXIDATION OF p-TOLUIDINE 
A. KINETIC DATA AND 
OBSERVED FIRST ORDER 





EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^lu) IN 
































































0 56 1 3 35 
0 58 
0 900x10'mm ' 


































1 60x10'min ' 




















































0.08 mol dm'' 
Abs 




































3 30x10'mm ' 
































3 70x10'mm ' 
Temp = 35°C [H*] = 0 60 mol dm ' [Na2Cr2O7] = 2x10''moldm- [Surfactant] = ml 
TABLE 2 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("k*) IN 








































































































0.06 mol dm' ' 
Abs 
0 07 













































































2 40x10"'mm ' j 
































Temp = 35°C [H'l = 0 50 mol d m ' [NajCr,O, l»2x10'moldm' [Surfactant] = ml 
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TABLE 3 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT {°kA) IN 

































































5 50x10-'mm ' 
35°C [ H*] = 0 40 (T 

















In 1 Abs In 
















9 00x10^ mm ' 




























1 20x10"'mm ' 
rOrl = 2x10-* mol d m ' 




























1 70x10'mm ' 
[Surfactant] = 
j 0 10 mol dm"' 












T 0 14 
0 22 i 










1 80x10•'mm ' 
ml 
TABLE 4 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (°kA) IN 
THE ABSENCE OF SURFACTANT 


























' k , 














































3 90x10 mm 








































8 00x10 ^ mm ' 


































































































1 10x10 'mm ' 






























1 40x10 mm 
[NsjCrjOr] - 2x10"' mol dm [Surfactsnt] > ml 
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TABLE 5 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (°»u) IN 






































































2 00x10'min ' 












































4 00x10'mm ' 












































5 00x10'min ' 











































6 30x10'mm ' ' 










































8 00x10'mm ' j 
Temp = 35°C [H*] = 0 20 mol dm ' [Na2Cr2O7l = 2x10"'moldm' [Surfactant] = ml 
TABLE 6 
EFFECT OF THE CONCENTRATION OF p-TOLUiDINE ON THE OBSERVED RATE CONSTANT i 
THE ABSENCE OF SURFACTANT 

































































































0 34 1 0 97 
054 
2 00x10''min ' 






































3 00x10"'mm ' 






































4 00x10"''mm ' 






































4 0Ox10'mm ' | 
Temp = 35°C [H*] = 0 1° "lo* dm ' [NajCfja] = 2x10"* mol dm"' [Surfactant] = ml 
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TABLE 7 
EFFECT OF THE CONCENTRATIONOF p-TOLUIDINE ON OBSERVED RATE CONSTANT (^k*) IN THE 




































































' mm ' 1 


































1 88x10'min ' 
0 0« mol d m " 
AtM 













































































3 75x10-'mm ' 































Temp = 40 °C [H*l = 0 60 mol dm' [NajCfjOrl = 2x10" mol dm' [Surfactant] - ml 
TABLES 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ( ° M IN 



















































































1 50x10'mm ' 

















































































2 30x10"* mm ' 
































3 40x10"'mm ' 
Temp = 40 °C [H*l " 0 50 mol d m ' INajCfiOr) » 2x10" mol dm"" [Surfactant] > nil 
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TABLE 9 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^k*) IN 





























































































0.06 mot dm'* 
AtM 
0 07 











































































167x10" mm ' 
0 10 mol dm" 
Ab« 
































2 20x10'mm ' 
Temp = 40°C [H'] = 0 40moldm"' [Na^Crja] = 2x10'* mol dm"' [Surfactant] - nil 
TABLE 10 
EFFECT OF THE CONCENTRATION OF p-TOLUIDlNE ON THE OBSERVED RATE CONSTANT (°kA) IN 



























































' m m ' 




































7 50x10'mm ' 




























1 00x10'mm ' 
0.08 mol d m " 
Aba 
0 07 





























1 10x10'mm ' 
0.10 mo) dm" 
Abs 


























Temp = 40 °C [H*] = 0 30 mol dm • [NajCrrO,] = 2x10'* mol dm ' [Surfactant] = ml 
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TABLE 11 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ( X ) IN 
































































2 70x10'mm ' 








































4 10x10'mm ' 








































6 00x10"'mm ' 


































8 50x10"'min ' 
































1 00x10'mm ' | 
Temp = 40 °C (H*) » 0 20 mol dm' [Na,Cr,OrJ = 2x10"* mol d m ' [Surfactant]» ml 
TABLE 12 
EFFECT OF THE CONCENTRATIONOF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (°Ju) IN 


























































1 80x10'mm ' 









































































4 30x10'mm ' 




































5 00x10" mm ' 





































' mm ' 1 
Temp = 40°C. [H*l = 0 lOmoldm"'. [NajCrjOrJ = 2x10"* mol dm"" [Surfactant] = ml 
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EFFECT OF TABLE 13 THE CONCENTRATION OF p-TOLUIDJNE ON THE OBSERVED RATE CONSTANT (' 








































































1 50x10'mm ' 









































2 50x10'mm ' | 






































3 70x10"'mm ' 




































5 00x10" mm"' 

































7 20x10'mm ' 
Temp = 45 °C [H*l >« 0 60 mol dm • [NajCfiOrl « 2x10'* mol dm"* [Surtactant] > nil 
TABLE 14 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (%„) IN 



































































































1 20x10'mm ' 2 00x10'mm ' 
0.06 mol dm'' | 0.08 m d dm' ' 
Abs 

















































3 60x10'mm ' 
























5 50x10'mm ' 
Temp = 45 °C, [H*l « 0 50 moi dm' (Na,Cr:a]»2x10''moldm' [Surfactant] * nil 
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TABLE 15 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT f^k*) IN 
























































































- 1 45x10'mm ' 































































2 70x10"' mm"' 






















4 00x10''mm ' 
Temp = 45 °C, [H*] = 0 40 md dm', [NajCrjOrl = 2x10"* mol dm"', [Surfactant] = ml 
TABLE 16 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ( " M IN 



































































0 60x10'mm ' 






































1 00x10'mm ' 
0.06 mol dm" 
Abs 
0 07 































1 56x10'mm ' 
































2 00x10"'mm ' 


























2 60x10'mm ' 
Temp = 45°C [H*] = 0 30 mol dm' [Na,CrjO,l = 2x10'*moldm' [Surfactant] = ml 
173 
TABLE 17 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (°kA) IN 



























































5 00x10'mm ' 



































7 50x10'mm ' | 

























































1 0 70 
1 35x10"'mm"' 


























Temp = 45 °C [H*] = 0 20 mol dm ^ [NajCrjOr] = 2x10"* mol dm' [Surfactant] = ml 
TABLE 18 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (°kA) IN 





























































2 50x10-'mm ' 






































4 70x10•'mm ' 

































7 00x10" mm ' 































8 50x10" mm ' 






























9 50x10'mm ' 
Temp = 45°C [H*] = 0 10 mol dm' [NajCriOr! = 2x10"' mol dm"" [Surfactant] = ml 
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TABLE 19 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT {\T) IN 
















0 02 mol dm"' 
Rt 
2 3 0 










4 3 6 
4 3 6 
-
-





4 0 6 
1 0 0 x 1 0 ' m m ' 
0 04 mol dm"* 
R t 









4 * l o f l R t 
4 3 2 
4 31 
4 2 6 
4 23 
4 21 
4 1 7 
4 0 8 
3 9 8 
3 8 4 
2 0 0 x 1 0 ' m i n ' 









0 5 0 
4 * l 0 8 R t 
4 3 3 





3 8 4 
3 69 
2 8 0 x 1 0 ' m m ' 
0.08 mol dm"* 
R t 
2 0 0 
1 7 5 
1 4 5 
1 30 
1 15 
0 9 5 
0 6 0 
44 ' looRt 




4 0 6 
3 8 8 
3 69 
3 5 0 x 1 0 ' m m ' 



















4 0 0 x 1 0 ' m m ' 
Temp = 35°C [H*] = 0 10 mol dm' [Na2Cr2O7] = 2x10^moldm' [Surfactant] = ml 
TABLE 20 
EFFECT OF THE CONCENTRATION OF p-TOLUIDrWE ON THE OBSERVED RATE CONSTANT ("kr) IN 
















0.02 mol dm"* 
Rt 
















4 1 1 






3 0 0 x 1 0 ' m m ' 




1 0 5 
0 95 
0 8 0 
0 6 0 
0 5 0 
4 + l o g R t 
4 24 
4 1 1 
4 02 
3 9 8 
3 9 0 
3 7 7 
3 69 
5 2 0 x 1 0 ' m m ' 
0.06 m d dm' ' 
R t 
2 0 0 
1 50 
1 10 
0 8 5 
0 75 
0 6 0 
44^109 R t 
4 3 0 
4 1 7 
4 0 4 
3 9 3 
3 87 
3 7 7 
6 8 0 x 1 0 ' m m ' 
0.08 mol dm"* 
R t 
2 0 0 
1 80 
1 10 
0 9 5 
0 75 
0 6 0 
44- iogRt 
4 3 0 
4 25 
4 0 4 
3 9 8 
3 87 
3 7 7 
7 2 0 x 1 0 ' m m ' 
0.10 mol dm' ' 
R t 
2 0 0 
1 70 
1 00 
0 9 0 
0 70 
0 5 0 
4*log R t 
4 30 
4 23 




7 5 0 x 1 0 ' m m ' 
Temp = 35 °C [H*] = 0 60 mol dm' [NaiCrjai = 2x10" mol dm' [Surfacfant] = nil 
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TABLE 21 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT <\,] (N 












































































































Temp = 35 °C. [H'] = 0 30 mol dm ' [NajCrjOrJ« 2x10"' mol dm"', [Surfactant] = ml 
TABLE 22 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (\j) IN 
















































































































1 10x10"* mm"' 


















Temp = 40 °C (H*) = 0 60 mol dm' [NajCr^ OrJ = 2x10"* mol dm', [Surfactant] = nil 
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TABLE 23 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT {\j) IN 




























































































































Temp = 45°C [H*] = 0 30 mol dm' [Na,Cr,O7l«2x10^moldm' (Surfactant] • ml 
TABLE 24 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ( V ) IN 















































































































Temp = 40 °C [H*] « 0 10 mol dm' INajCrAl«2x10''moldm' [Surfactant] * ml 
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TABLE 25 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (°kT) IN 









































7 1 0 x 1 0 ' m m ' 





















1 0 0 x 1 0 ' mm' 


































1 50x10'' mm' 















1 66x10 'mm' 
Temp = 45 °C [H*]« 0 60 mol dm' (NaK^rA]«2x10'*moldm'' [Surfactant] • ml 
TABLE 26 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (°kT) IN 















































4 00x10 'mm' 















































1 00x10"* mm' 

















1 50 xlO'' mm' 




















Temp = 45°C [H'] = 0 30 mol dm' [NajCf^ Orl = 2x10"^  rtHjl dm'' [Surfactant] - nil 
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TABLE 27 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^kr) IN 








































2 40x10 'mm ' 









































5 80x10 'mm' 



















6 00x10"* mm' 

















7 50x10 'mm' 
Temp = 45 °C [H*] = 0 10 mol dm' [NajCrjOr] = 2x10" mol dm"' [Surfactant] = il 
TABLE 28 













































*kA 1 1 60x10'mm ' 
0.0060 mol dm"' 
Abs 
































































































3 50x10"''mm ' 
























4 00x10'mm ' | 
Temp = 35 °C [H*] = 0 60 mol dm' [pTd]o = 0 10 mol dm' [NajCr A ] = 2x10"* mol dm' 
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TABLE 29 












































1 56x10''min ' 


















H*] = 0 60 
0.0060 mol dm^ 
Abs 































2 00x10''min ' 
mol d m ' 






























2 70x10'mm ' 
[pTdJo = 0 08 mol dm 




























3 40x10-' 1 
.J [HaiChO^] 




























2 70x10'mm ' 
= 2x10"* mol d m ' 
TABLE 30 










































































1 60x10'mm ' 


























1 80x10''mm ' 
0.0009 moi d m " 
Aba 













































2 50x10'mm ' 
Temp = 35 °C [H*| = 0 60 mol dm ' [pTdJo = 0 06 mol dm' [NajCfjOr) = 2x10'' mol dm ' 
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TABLE 31 























































8 00x10'min ' 


































1 lOxlO'min ' 






























1 30x10'mm ' 




























1 60x10"'mm ' 




























1 30x10''mm ' 
Temp = 35 °C [H*| = 0 60 moldm' [pTdJo = 0 04 mol dm"' [NajCrjOr] = 2x10'* mol dm' 
TABLE 32 


























































4 20x10'mm ' 




































6 40x10'mm ' 




































6 70x10'mm ' 



































1 00x10'mm ' 

































8 80x10'mm ' 
Temp = 35°C [H*| = 0 60 mol dm ' ipTdk = 0 02 mol dm ' [NajCrjOT] = 2x10"' mol dm ' 
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TABLE 33 




















































1 60x10'mm ' 
0 0060 mol dm' ' 


















































































2 20x10-'min ' 

































2 40x10'mm ' 































Temp = 35 °C [H*| = 0 50 mol dm' [pTd)o = 0 10moldm' [NajCr^] = 2x10" mol dm' 
TABLE 34 






















0.0100 mol dm" 
Abs 
0 08 







































































































2 00x10-'mm ' 


































2 00x10-'min ' 



































Temp « 35 °C [H*] « 0 50 mol dm' (pTdk - 0 08 mol dm' [N«^rK>il • 2x10" mol dm • 
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TABLE 35 

















































0 48 1 2 54 
0 52 
1 OOxlO'min ' 
































1 25x10'mm ' 
































1 33x10"'mm ' 

































































1 25x10'mm ' 
Temp = 35 °C [H'] = 0 50 mol dm * [pTdJo = 0 06 mol d m ' tNajCrjOrJ = 2x10'* mol dm' 
TABLE 36 


























































7 50x10'mm ' 




































1 OOxlO^mm ' 




































1 lOxlO-'mm ' 









































































8 80x10'mm ' 
Temp 
d m ' 
35 °C [H*) = 0 50moldm' [pTd)o = 0 04 mol dm', [Na2Cr207l = 2x10^ mol 
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TABLE 37 





























































5 00x10"'mm ' 






































5 50x10" m m ' 






































6 00x10" m m ' 












































































700x10"mm" | 6 70x10'mm ' 
Temp = 35 °C [H*] = 0 50 mol dm' [pTdJo = 0 02 mol dm', [NajCrjOT] = 2x10" mol dm ' 
TABLE 38 























































1 37x10''mm ' 
0.0060 mol dm" 
Abs 
































1 50x10 'mm' 




























2 75x10"'mm ' 


























3 30x10""'mm ' 




























2 75x10'mm ' 
Temp = 35 °C [H*] = 0 40 mol dm' [pTd]o = 0 10moldm' [NajCrjai = 2x10"* mol dm' 
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TABLE 39 























































1 25x10•'mm ' 
































1 33x10•'mm ' 
0.0020 mol dm" 
Abs 


























0.0009 mol dm" 
Abs 





















































0 60 j 0 70 
2 00x10'mm ' [ 1 80x10'mm ' | 1 43x10•'mm ' 
Temp = 35 °C [H*] = 0 40 mol dm ' [pTdJo = 0 10 mol d m ' [NajCr^Or] = 2x10'' mol dm ' 
TABLE 40 























































8 00x10'mm ' 


































1 OOxlO'mm ' 


































1 36x10"'min ' 


































1 30x10''min ' 


































1 lOxlO'mm ' 
Temp = 35 °C (H'] = 0 40 mol dm ' [pTdlo = 0 06 mol dm [NaiCrjOr] = 2x10" mol dm' 
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TABLE 41 























































6 50x10'min ' 


































7 50x10'min ' 




























1 20x10'mm ' 






























1 25x10"'mm ' 




























1 20x10'min ' 
Temp = 35 °C [H*] => 0 40 mol dm' [pTdlo s 0 04 mol dm' [Hafit/y,] - 2x10^ mol dm' 
TABLE 42 

















































3 50x10'mm ' 






























4 00x10'mm ' 






























6 00x10" mm ' 






























7 50x10"^ mm ' 






























7 00x10'mm ' 
Temp = 35 °C [H*] = 0 40 mol dm' [pTdlo = 0 02 mol dm' [Na7Cr207l = 2x10" mol dm' 
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TABLE 43 


















0.0100 mol dm'' 





























1 35x10'mm ' 
0.0060 mol dm'' 
























1 50x10"'mm ' 
0.0009 mol dm'' 
Ate 






















1 85x10" mm ' 























2 00x10'mm ' 
Temp = 35 °C, [H*] = 0 30 mol dm ' [pTd)o = 0 10 mol dm'', piajCr^Oi] = 2x10"* mol dm'' 
TABLE 44 














































1 20x10''mm ' 























































1 BQxWmm ' 
























1 56x10" mm " 


























1 50x10'mm ' 
Temp = 35 °C, [H*] = 0 30 mol dm' , [pTdlo = 0 08 mol dm'' [NajCrrOr] = 2x10'" mol dm' 
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TABLE 45 



















0.0060 mol dm" 




























1 00x10 'mm' 
























































































1 20x10"'mm ' | 
Temp = 35 °C [H'] = 0 30 mol dm"' [pTdJo = 0 06 mol dm"' [NaiCr^] = 2x10"* mol dm' 
TABLE 46 

















































7 00x10 'mm' 






























6 90x10'mm ' 






























8 00x10" mm ' 






























7 80x10" mm ' 
























1 20x10"'mm ' 
Temp = 35 °C. [H*] = 0 30 mol dm"', [pTd)o = 0 04 mol dm" INajCr,07l' 2x10" mol dm ' 
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TABLE 47 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT {'k*) 
[CPC] 




















































3 00x10''mm ' 




































































4 10x10" mm ' 































0 43 1 3 09 
0 45 
SOOxlO'mm ' 
Temp = 35 °C [H'] = 0 30 mol dm' [pTdlo = 0 02 mol dm' [NaiCrjO?] = 2x10" mol dm' 
TABLE 48 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT CWA) 















































*kA 1 20x10'mm ' 


























1 33x10'mm ' 






























1 50x10"'mm ' 

























1 70x10"'mm ' 
























1 80x10'min ' 
Temp = 35 °C [H*] = 0 20 mol dm' [pTd)o = 0 10 mol dm' [NatCrjO?] = 2x10^ mol d m ' 
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TABLE 49 

















































1 00x10"'mm ' 

























































1 37x10" mm ' 





























0.0005 mol dm"* 
Abs 
008 























1 50x10'mm ' 
Temp = 35 °C [H'l = 0 20 mol d m ' [pTdJo = 0 08 mol dm'', (NajCfjOrJ« 2x10" mol d m ' 
TABLE 50 

















































9 00x10'mm ' 






























1 OOxlO'mm ' 






























1 30x10" mm ' 






























1 30x10" mm ' 




























1 25x10" mm ' 
Temp = 35 °C [H*] = 0 20 mol d m ' [pTdJo = 0 06 mol dm"" [NajCrAl = 2x10'* mol dm = 
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TABLE 51 






















































































































































































Temp = 35 °C, [H*] = 0.20 mol dm"^  [pTd]o = 0.04 mol dm"^ , [NazCrjOr] = 2x10"* mol dm"^  
TABLE 52 

























































































































































Temp = 35 °C, [H*] = 0.20 mol dm"', [pTd]o = 0.02 mol dm"*. (NajCrjO?! « 2x10'' mol dm"' 
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TABLE 53 

















































1 20x10'^ mm ' 




























1 30x10•'mm ' 




























1 45x10•'mm ' 
0.0009 mol dm"* 
Abs 
0 07 





















1 60x10"'mm ' 
























1 80x10^min ' 
Temp = 35°C, [H*] = 0 10 mol dm"^  [pTdlo = 0 02 mol dm"', [Na2Cr207] = 2x10"^ mol dm • 
TABLE 54 


































































































































































Temp = 35°C, [H*] = 0 10 mol d m ' [pTdlo = 0 08 mol dm"', [NazCrzO?) = 2x10"^ mol dm" 
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TABLE 55 

















































9 00x10"''mm ' 






























9 50x10"''mm ' 






























9 50x10"^ mm ' 


























1 00x10''mm ' 


























1 10x10''mm ' 
Temp = 35°C [H*] = 0 10 moldm"' (pTd]o = 0 06 mol dm"^ [NazCrjOr] = 2x10^ mol dm"^ 
TABLE 56 

















































7 00x10^ mm ' 






























7 10x10^ mm ' 






























8 30x10"" mm ' 






























9 50x10"'mm ' 


























8 80x10"'mm ' 
Temp = 35°C [H*] = 0 10 mol dm"^  [pTd]o = 0 04 mol dm"^ [NazCrzO?] = 2x10"^ mol dm"^  
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TABLE 57 




















































4 30x10"^ mm ' 


































































































5 70x10"'mm ' 

































Temp = 35 °C. [H'l = 0 10 mol dm"^  [pTdJo = 0 02 mol dm ^  [NazCrzOr] = 2x10"* mol dm' 
TABLE 58 























































































4 50x10'mm ' 
















8 00x10" mm ' 



























Temp = 40 °C [H*] = 0 60 mol dm"^  [pTd)o = 0 10 mol dm"^  [NazCrzO?] = 2x10"* mol dm • 
194 
TABLE 59 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT ('lu) 






































2 00x10'mm ' 













































3 75x10"^ mm"' 




















4 70x10"^ mm"' 


















4 50x10"'mm ' | 
Temp = 40 °C, [H*] = 0 60 mol dm"' [pTd]o = 0 08 mol dm- [NazCrzOr] = 2x10'' mol dm • 
TABLE 60 
EFFECT OF THE CONCENTRATION OF CPC OH THE OBSERVED RATE CONSTANT Ck*) 

















































































































"' mm ' 
























Temp = 40 °C, [H*] = 0 60 mol dm • [pTdJo = 0 06 mol dm ^ [NazCrzOr] = 2x10" mol dm ^ 
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TABLE 61 


























































































































Temp = 40 "C. [H'l = 0.60 mol dm"' [pTd]o = 0.04 mol dm" [Na2Cr207] = 2x10 mol dm" 
TABLE 62 










































































1.10x10"^  min."' 




















































1.47x10"'^  min."' 



























Temp = 40°C, [H'] = 0.60 mol dm"' [pTd]o = 0.02 mol dm"" [Na2Cr207l = 2x10" mol dm" 
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TABLE 63 







































1 50x10' 'min ' 






















1 75x10''mm ' 


















3 40x10"^ min"' 


















4 80x10''mm ' 
Temp = 40 "C, [H'] = 0 50 mol dm"^  [pTdJo = 0 10 md dm"" [NajCrzOy] = 2x10"* mol dm' 
TABLE 64 





























































































•' m m •' 












































Temp = 40 °C. [H*] = 0 50 mol dm ' [pTd]o = 0 08 mol dm • [NazCrrO?] = 2x10^ mol dm' 
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TABLE 65 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT f l u ) 




































































2 40x10"' mm " 

























2 50x10"' mm"' 



















































1 83x10"' mm ' 
Temp = 40 "C, (H*) = 0 50 mol dm"^  [pTd]o = 0 08 mol dm"" [NaTCrzO?) = 2x10"* mol dm • 
TABLE 66 
















































1 10x10'mm ' 


























1 55x10'mm ' 
























1 80x10"'mm ' 


























1 90x10"'mm ' 
0.0005 mol d m ' 
Abs 
008 























1 50x10'mm ' 
Temp = 40 "C, [H^ = 0 50 mol dm" [pTd]o = 0 04 mol dm"- [NazCrzO?! = 2x10" mol dm ^ 
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TABLE 67 




















































7 00x10"^ mm ' 




























































8 80x10-'mm ' 1 10x10''mm ' 
























































1 10x10"''min ' 1 20x10''mm ' 
Temp = 40 °C. [H*] = 0 50 mol dm"^  [pTd]o = 0 02 mo) dm"'. [Na2Cr207] = 2x10^ mol dm' 
TABLE 68 
















0.0100 mol dm"* 
Abs 
































































3 60x10"' mm " 












































Temp = 40 °C. [H^ = 0 40 md dm"^  [pTd]o = 0 10moldm"" [NazCrzO?! = 2x10"* mol dm" 
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TABLE 69 











































1 70x10^ mtn ' 




















2 60x10'm(n ' 


































































3 00x10 "mm 
Temp = 40 °C [H*] = 0 08 mol dm"^  [pTdJo = 0 08 mol dm"^  [NazCrzOrl : 2x10^ mol dm ^ 
TABLE 70 










































1 50x10 " m m " 
























2 00x10 " m m " 
























2 10x10"" rmn"' 
























2 30x10"" min"' 
0 0005 mol dm ' 
Abs 


























1 80x10"" mm ' 
Temp = 40 °C, [H^ = 0 40 mol dm"^  [pTd]o = 0 06 mol dm" [NajCrzO?! = 2x10'' mol dm' 
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TABLE 71 










































1 10x10^ mm ' 




























140x10^ mm ' 


























1 55x10^ mm ' 






















2 00x10^ mm ' 


























1 30x10^ mm ' 
Temp = 40 "C. [H'l = 0 40 md dm ', [pTdJo = 0 04 mol dm"', [NazCfjO?] = 2x10"* mol dm ' 
TABLE 72 














































































0 33 1 0 34 
7 00x10 •'mm ' \ 8 30x10^ mm ' 




























9 50x10"^ mm ' 






























1 00x10''mm ' 
































8 00x10''mm ' 
Temp = 40 °C [H'] = 0 40 mol dm' [pTd]o = 0 02 mol dm"" [NazCrzO?] = 2x10"^  mol dm • 
201 
TABLE 73 
























































*kA 6 00x10-'mm ' 


































6 20x10''min ' 




































































6 30x10^ mm ' 
Temp = 40 °C (H'l = 0 30 md dm ' [pTdJj = 0 02 mol dm"^  [NazCrzOr] = 2x10'' md dm' 
TABLE 74 





















































' mm ' 































































































•'' mm •' 





























Temp = 40 °C, [H*] = 0 30 mol dm' lpTd]o = 0 04 mol dm- [NazCrzO?] = 2x10'* mol dm' 
202 
TABLE 75 












































1 20x10^ mm ' 




























1 35x10''mm ' 
0.0020 mol dm'' 
Abs 
0 07 























1 60x10''mm ' 




















































1 40x10'mm ' \ 
Temp = 40 "C, (H*) = 0 30 mol dm"^  [pTd]o = 0 06 mol dm" [NazCrzOy] = 2x10 mol dm • 
TABLE 76 





































































0.0020 mol dm'' 
Abs 














































































Temp = 40 °C [H*] = 0 30 mol dm"^  [pTdlo = 0 08 mol dm" tNazCrrOy] = 2x10^ mol dm' 
203 
TABLE 77 
































0 40 2 01 
044 310 
0 46 
1 96x10'mm ' 






















2 00x10'mm ' 



















0 52 3 30 
054 
2 40x10'mm ' 




















2 90x10'mm ' 






















2 40x10'mm ' 
Temp = 40 "C [H^ = 0 30 mol dm ' [pTd]o = 0 10 mol dm" [Na2Cr207] = 2x10"* mol dm' 
TABLE 78 






















































































2 50x10'mm ' 















































2 00x10'mm ' 
Temp = 40 "C [H'l = 0 20 mol dm' [pTd)o«0 10 mol dm' [NaiCrjO?] " 2x10" mol dm' 
204 
TABLE 79 











































1 50x10^ mm ' 
Abs 
008 























1 80x10 "^  mm ' 




















1 78x10"'mm ' 


























1 78x10"^ mm ' 


























1 50x10''mm ' 
Temp = 40 °C [H*"| = 0 20 mol dm"^  [pTd]o = 0 08 mol dm" [NazCrzOr] = 2x10"* mol dm • 
TABLE 80 































































































1 66x10"' mm"' 


























1 38x10•'mm ' 
Temp = 40 °C [H'l = 0 20 mol dm • [pTd)o = 0 06 mol dm • [NazCrjO?] = 2x10^ mol dm ^ 
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TABLE 81 
















































































9 40x10^^0110 ' 




























120x10^ mm ' 






























































9 00x10"^ mm ' 
Temp = 40 °C [H"| = 0 20 mol dm' IpTd)o = 0 04 mol d m ' [NajCrjO?] = 2x10"^ mol dm"' 
TABLE 82 
























































*kA 6 00x10^ mm ' 






























5 50x10 •'mm ' 


































7 20x10''mm ' 


































6 0x10'mm ' 
Temp = 40°C [H*] = 0 20 mol dm" [pTd]o = 0 02 md dm • [Na2Cr207] = 2x10^ mol dm' 
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TABLE 83 



































•' m i n . ' 























•a -3 mm. 
Temp = 40 "C, [H*] = 0.10 mol dm"- [pTd]o = 0.10moldm-', [NajCrzOr] = 2x10"* mol dm ' 
TABLE 84 






















































































2.00x10"'' min ' 


















































Temp = 40°C, [H*] = 0.10 mol dm"^  [pTd]o = 0.08 mol dm" [NazCrzOr] = 2x10'' mol dm"" 
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TABLE 85 



































































1 35x10•'mm ' 


























1 35x10"'' mm ' 


























1 20x10"'' mm ' 



























9 5x10"^  mm ' 
Temp = 40°C [H*] = 0 10 mol dm"^  [pTd]o = 0 06 mol dm"" [NazCrzOrl = 2x10^ mol dm • 
TABLE 86 
















































^ m m ' 



























































































































Temp = 40 "C (H") = 0 10 mol dm • [pTd]o = 0 04 mol dm"" [NazCrjO?] = 2x10 mol dm' 
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TABLE 87 











































































































































































































Temp = 40°C, [H*] = 0.10 mol dm"" (pTd]o = 0.02 mol dm"' [NarCrjO?) = 2x10^ mol dm"' 
TABLE 88 




















































































































































2.00x10"" min."' 1.80x10"' min. ' 
Temp = 45 °C. [H*] = 0.60 mol dm"' [pTd]o = 0.02 md dm" [NazCraOy] = 2x10"* mol dm"^ 
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TABLE 89 



















































2 40x10''mm ' 

























































3 20x10" mm ' 






















































Temp = 45 °C [H'1 = 0 60 mol dm'^  [pTdk = 0 04 mol dm • [NazCrjO?] = 2x10'* mol dm' 
TABLE 90 











































































3 80x10'mm ' | 4 00x10'mm ' 



























4 40x10'mm ' 


























5 20x10"'mm ' 



























4 80x10'mm ' 
Temp = 45 "C, [H*] = 0 60 mol dm"= [pTd]o = 0 06 mol dm" [NajCfzO?] = 2x10"* mol dm' 
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TABLE 91 







































































































































































6.20x10' min. ' 
Temp = 45°C, [H*] = 0.60 mol dm"' [pTd]o = 0.08 mol dm"" [Na2Cr207] = 2x10"* mol dm"^ 
TABLE 92 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT (*kA) 










































































5.50x10"' min."' 6.20x10"' min."' 






















































7.70x10"'min ' 9.00x10"'min." 



























Temp = 45 °C, [H*] = 0.60 mol dm"^  [pTd]o = 0.10 md dm" [NajCrjOr] = 2x10^ mol dm"^ 
211 
TABLE 93 









































1 30x10''mm ' 
























1 60x10''mm ' 

























1 56x10^ mm ' 

























1 70x10' mm ' 

























1 44x10''mm ' | 
Temp = 45 "C [H^] = 0 50 mol dm' [pTd]o = 0 02 md dm" PiasCfTCh] = 2x10"* md dm • 
TABLE 94 




















0.0100 mol dm"* 
Abs 
0 08 






















































0 52 1 
2 20x10'mm ' | 2 27x10''mm ' 




























2 40x10 "mm ' 




























2 70x10" mm ' 





























2 40x10" mm ' 
Temp = 45 °C [H"! = 0 50 mol dm • [pTdJo = 0 04 mol dm"" [Na2Cr207] = 2x10"^ mol dm ' 
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TABLE 95 





















































4 00x10' 'mm'' 































4 00x10^ mm' ' 


































4 70x10""'mm ' 
































4 70x10"'mm ' 
































4 30x10^ mm ' 
Temp = 45 °C [H^ = 0 50 mol dm " [pTdlo = 0 06 mol dm • [NajCrzO?] = 2x10^ mol dm' 
TABLE 96 




















































4 20x10^ mm ' 






























4 20x10^ mm ' 
































































4 50x10"' mm"' 
































3 80x10"'mm ' 
Temp = 45 °C [H*] = 0 50 mol dm' [pTd]o = 0 08 mol dm"" [NajCrjO?] = 2x10"^ mol dm' 
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TABLE 97 





















































4 30x10"''mm ' 
0.0060 mol dm"^ 
Abs 






























































4 80x10"' mm " \ 6 60x10"'' mm " 
































7 10x10"" m m ' 

































Temp = 45 °C, [H'] = 0 50 mol dm"', [pTd]o = 0 10 mol dm"= [Na2Cr207] = 2x10"^ mol dm • 
TABLE 98 
















































1 00x10^ mm ' 





























1 10x10'mm ' 



























1 20x10"'' mm ' 



























1 20x10"' mm"' 





























9 50x10"^ mm ' 
Temp = 45°C [H*] = 0 40 mol dm ^ [pTd]o = 0 02 mol dm' , [NazCrjOr) = 2x10^ mol dm"' 
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TABLE 99 

















































































*kA 1 1 70x10 •' mm "' 1 90x10'' mm "' 































2 00x10"* mm "' 




























2 30x10"' mm '' 





























2 10x10^ mm ' 
Temp = 45 °C. [H*] = 0 40 mol dm' , [pTdfc = 0 04 mol dm " IJHatiCrzCh] = 2x10"* mol dm ^ 
TABLE 100 





















































2 27x10''mm ' 
































2 30x10"^ mm ' 































































3 OOxlO"' mm."' 
0.0005 mol dm" 
Abs 































2 30x10"^ mm ' 
Temp = 45°C, [H*] = 0 40 mol dm • [pTdJo = 0 06 mol dm"" [NazCrzO?] = 2x10"* mol dm" 
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TABLE 101 









































3 40x10''min ' 
0.0060 mol dm-" 
Abs 























3 80x10^ mm ' 
























4 20x10^ mm ' 

























3 10x10'mm ' 

























3 80x10'mm ' 
Temp = 45 "C, [H*] = 0 40 mol dm ^ (pTd]o = 0 08 mol dm'" [Na2Cr207] = 2x10^ mol dm' 
TABLE 102 







































4 40x10'mm ' 





















4 50x10'mm ' 





















5 20x10'mm' ' 





















4 61x10 'mm" 
























4 00x10'mm ' 
Temp = 45 °C [H*] = 0 40 mol dm' [pTd]o = 0 10 mol dm' [Na2Cr2O7] = 2x10^moldm^ 
216 
TABLE 103 






















































8 00x10 •'mm ' 


































































9 50x10'mm ' 

































1 00x10^ mm ' 

































8 50x10'mm ' 
Temp = 45°C [H*] = 0 30 mol dm ^ [pTdJo = 0 02 mol dm ^ [Na2Cr207] = 2x10^ mol dm ' 
TABLE 104 















































1 44x10^ mm ' 
0.0020 mol d m ' 
Abs 
006 






















1 60x10''mm ' 

























1 72x10' 'mm" 



























1 30x10^ mm ' 
Temp = 45°C [H^] = 0 30 mol dm' [pTd]o = 0 04 mol dm ^ [Na2Cr207] 2x10"'mol d m ' 
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TABLE 105 













































1 80x10^ mm ' 



























2 10x10'^ mm ' 

























2 50x10'mm ' 

























2 80x10''mm ' 



























2 10x10'mm ' 
Temp = 45 °C [H*] = 0 30 mol dm ' [pTd]o = 0 08 mol dm' [Na2Cr207] = 2x10^ mol dm' 
TABLE 106 













































2 50x10'mm ' 



























2 70x10'mm ' 

























3 10x10'mm ' 
0.0009 mol dm"^  
Ab* 
















































3 00x10'mm ' 2 90x10'mm ' 
Temp = 45 °C [H*] = 0 30 mol dm' [pTd]o = 0 08 mol dm • [Na2Cr2O7] = 2x10^moldm^ 
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TABLE 107 
















































3 00x10'mm ' 




























3 40x10'mm ' 





























4 00x10''mm ' 




























































Temp = 45 °C [H'] = 0 30 mol dm ' [pTd]o = 0 10 mol dm • [Na2C2O7] = 2x10''moldm-' 
TABLE 108 












































' mm ' 





















































•^  m m •' 


























" mm •' 




























' m m ' 
Temp = 45 °C (H") = 0 20 mol dm' [pTd]o = 0 02 mol dm' [NazCrjOy] = 2x10"' mol dm ' 
219 
TABLE 109 













































1 33x10^ mm ' 



























1 47x10''mm ' 

























1 46x10''mm ' 

























1 60x10'mm ' 



























1 10x10'mm ' 
Temp = 45 °C, [H'] = 0 20 mol dm • [pTdlo = 0 04 mol dm • [Na2Cr2O7] = 2x10''moldm^ 
TABLE 110 









































2 00x10'mm ' 

























2 00x10'mm ' 





















2 60x10"'mm ' 






















2 20x10"'mm ' 

























1 80x10'mm ' 
Temp = 45 °C, [H"] = 0 20 mol dm' [pTd]o = 0 06 mol dm • [Na2Cr207l = 2x10^ mol dm • 
220 
TABLE 111 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT TKA) 





































































2 70x10'mm ' 



























3 00x10'mm ' 


























2 90x10'mm ' 



























2 60x10'mm ' 
Temp = 45 °C [H*| = 0 20 mol dm' [pTdJo = 0 08 mol dm" [Na2Cr207l = 2x10"^  mol dm ' 
TABLE 112 














































0 46 1 
2 80x10'mm ' 
0.0060 mol dm"' 
Abs 


























3 20x10'mm ' 




























3 75x10'mm ' 

























































3 20x10'mm ' 
Temp = 45 °C [H*] = 0 20 mol dm' [pTd]o = 0 10 mol dm" [Na2Cr207] = 2x10'* mol dm ' 
221 
TABLE 113 











































































































7 20x10"^ mm"' 


























































5 00x10^ mm ' 
Temp = 45°C, [H*] = 0 10 mol dm' (pTd]o = 0 02 mol dm' [NazCrzOT] 2x10"^ mol dm ^ 
TABLE 114 
















































1 00x10''mm ' 



























8 20x10^ mm ' 
Temp = 45 "C, [H*] = 0 10 mol dm ' [pTd]o = 0 04 mol dm" [Na2Cr2O7] = 2x10"'moldm' 
222 
TABLE 115 





























































0 46 1 
1 56x10 'mm ' 180x10'mm ' 






















0 49 1 
188x10"mm ' 















































1 72x10'mm ' 
Temp = 45°C [H*] = 0 10 mol dm' [pTd]o = 0 06 mol dm • [NajCrjO?) = 2x10"* mol dm ' 
TABLE 116 










































2 00x10 'mm ' 

























2 27x10'mm ' 








































































2 33x10'mm ' 
Temp = 45°C [H'] = 0 10 mol dm ' [pTd]o = 0 08 mol dm ' [Na?Cfj07l = 2x10''' mol dm ' 
223 
TABLE 117 

















0.0100 mol dm' ' 
Abs 
0 08 






















2 40x10 V i m ' 


















































2 50x10'mm ' | 2 70x10'mm ' 

























2 60x10'mm ' 

























2 30x10'mm ' 
Temp = 45°C, [H*] = 0 10 mol dm^ [pTdJo = 0 10 mol dm^ [Na2Cr207] = 2x10^ mol dm' 
TABLE 118 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^kr) IN 
































'8 70 xlO"-* mm"' 







































1 5 0 x 1 0 ' m m ' 
Temp =45°C, [H*] = 0 60 mol dm' [CPC] = 0 0100 mol dm"- [Na2Cr2O7l = 2x10^moldm^ 
224 
TABLE 119 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT fkr) IN 



































































Temp =45°C, [H*] = 0 30 mol d m ' [CPC] = 0 0100 mol dm"^ [Na2Cr207] = 2 x 1 0 " mol dm 
TABLE 120 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT fkr) IN 








































































6 00x10 'mm' 
Temp = 45°C, [ H T = 0 10 mol dm" [CPC] = 0 0100 mol dm"'. [Na2Cr207] = 2x10 ' mol dm 
225 
TABLE 121 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('ki) IN 








































































1.80 x10' 'min ' | 
Temp, =45°C, [H*l = 0.60 mol dm"^ [CPC] = 0.0060 mol dm"^ [NajCraO?] = 2x10"* mol dm' 
TABLE 122 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('ky) IN 









































































Temp. = 45°C, [H*] = 0.30 mol dm' , [CPC] = 0.0060 mol dm"', [NazCrzO?] = 2x10'" mol dm" 
226 
TABLE 123 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^ kr) IN 





























3 90x10"^ mm' 

















5 00x10"^ mm' 













0 65 1 3 77 
6 90x10"^ mm' 
Temp =45°C, [H*] =0 10moldm^ [CPC] = 0 0060 mol dm"^ [NajCrjOT] = 2 x 1 0 * mol dm' 
TABLE 124 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('kr) IN 
































7.40 xlO"^ min"' 








































Temp =45°C, [H^] =0 60 mol dm"' [CPC] = 0 0020 mol dm"', [Na2Cr207] = 2x1 0"" mol dm ' 
227 
TABLE 125 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('kr) IN 
































5 50x10^ mm' 



















7 20x10^ mm' 



















9 50x10^ mm' 
Temp = 45°C [H* 0 30 mol dm ' [CPC] = 0 0020 mol dm ^ [Na2Cr207] = 2x10 ' mol dm 
TABLE 126 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^ kr) IN 
































4 lOx lO^mm' 








































Temp=45°C [H*] = 0 10 mol dm' [CPC] = 0 0020 mol d m ' [NajCrjO?] = 2x10 ' mol dm ' 
228 
TABLE 127 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (\T) IN 






























4 70x10^ mm' 

















6 20x10^ mm' 


















Temp =45°C [H*] = 0 60 mol dm ^  [CPC] = 0 0005 mol dm ^ [NajCrjO?] = 2x10 ' mol dm ^ 
TABLE 128 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^ ky) IN 
































4 00x10'^ mm' 


















5 80x10^ mm' 



















8 70x10^ mm' 
Temp =45°C [H'] = 0 30 mol dm ' [CPC] = 0 0005 mol dm' , [Na2Cr207] = 2x10 ' mol dm 
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TABLE 129 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('ki) IN 
































3 60x10"^ mm"' 



















5 20x10-^ mm"' 



















7 70x10"^ mm"' 
Temp = 45°C, [H*] =0 10 mol dm ^ [CPC] = 0 0005 mol dm"^ [Na2Cr207] = 2x10 ' mol dm ^  
TABLE 130 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Ckj) IN 





























6 00x10"^ mm"' 












































1 50x10^ mm"' 
Temp =40''C, (H'] =0 60moldm"^ [CPC] = 0 0100 mol dm"'. [Na2Cr207] = 2 x 1 0 * mol d m ' 
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TABLE 131 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Ckj) IN 


































































Temp =40°C [H*] = 0 30 mol dm' [CPC] = 0 0100 mol dm ^ [NajCrjOT] = 2x10 ' mol dm 
TABLE 132 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('kr) IN 


























4 00x10^ mm' 















4 60x10^ mm' 















6 0 0 x 1 0 ' m m ' 
Temp =40°C, [H*] =010 mol d m ' [CPC] = 0 0100 mol dm"', [NaaCrjOr] = 2x10"* mol dm 
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TABLE 133 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('kr) IN 





























4 0 4 
4 0 0 
3 93 
6 00x10" 'min '^ 
0.06 mol dm"* 
Rt 














4 0 0 
3 93 
3 87 
7 00 xlO"^ mm' 




















Temp =40°C, [H*] =0 10moldm^ [CPC] = 0 0100 mol dm"^, [Na2Cr207] = 2x1 o " mol dm 
TABLE 134 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^ki) IN 





























5 00x10"^ m m ' 

















5 80x10"^ mm' 










4 3 4 
4 25 
4 0 6 
3 95 
3 8 4 
3 69 
-
8 5 0 x 1 0 ^ mm' 
Temp =40°C, [H*] =0 30moldm"^ (CPC) = 0 0060 mol dm"^ INa2Cr207] = 2 x 1 0 " mol dm"^ 
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TABLE 135 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Ckr) (N 
































3 50x10"^ mm' 







































6 90x10"^ mm"' 
Temp =40°C, [H'] =0 10moldm"^ [CPC] = 0 0060 mol dm"', [Na2Cr;.07] = 2x10"" mol dm"' 
TABLE 136 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('kr) IN 


































































Temp. =40°C, [H*] = 0.60 mol dm"', [CPC] = 0 0005 mol dm"', [NajCrjO?] = 2x10'" mo) dm" 
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TABLE 137 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT {•RT) IN 













































































7 0 0 x 1 0 ' m m ' 
Temp =40°C, [H*] = 0 30 mol dm"' [CPC] = 0 0005 mol dm"', [Na2Cr207] = 2x10" ' mol dm 
TABLE 138 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('ki) IN 


































































Temp =40°C, [H*] =0 10 mol dm"' [CPC] = 0 0005 mol dm"', [Na2Cr207] = 2x10" ' mol dm"^ 
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TABLE 139 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Cky) IN 


















































8 00x10"^ mm"' 

















2 00x10^ mm' 
Temp =40°C. [H*] = 0 60 mol dm' [CPC] = 0 0020 mol dm"^ [NajCrrOrJ = 2x10 * mol dm 
TABLE 140 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT (^ki) IN 


































































Temp =35°C, [H*] = 0 30 mol dm"^ [CPC] = 0 0020 mol dm"', [NajCrjO?) = 2x10 ' mol dm" 
235 
TABLE 141 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED FtATE CONSTANT Ckr) IN 





























4 00x10^ mm ' 

















5 00x10^ mm ' 

















7 50x10^ mm ' 
Temp =40°C [H*] = 0 10 mol dm ' [CPC] = 0 0020 mol dm ^  [Na2Cr207] = 2x10 ' mol dm 
TABLE 142 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('kj) IN 


























5 70x10"^ mm' 















5 80x10"^ mm' 















6 60x10^ mm' 
Temp =35°C [H*l = 0 60 mol dm' [CPC] = 0 0100 mol dmMNa2Cr207] = 2x1 0 ' mol dm 
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TABLE 143 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED FLATE CONSTANT Ck,) IN 





























4 10x10^ mm' 

















5 00x10^ mm' 

















5 80x10^ mm' 
Temp=35°C, [H*] = 0 30 mol dm " [CPC] = 0 0100 mol dm'', [Na2Cr207) = 2x10 ' mol dm 
TABLE 144 
EFFECT OF THE CONCENTRATION OF p-TOLUlDINE ON THE OBSERVED RATE CONSTANT ('kr) IN 















































































4 60x10" 'mm' 
Temp =35°C [H*] = 0 10 mol dm ^ [CPC] = 0 0100 mol dm' , [NasCrjO;] = 2x1 0 ' mol dm" 
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TABLE 145 
EFFECT OF THE CQiNCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Ckr] IN 











O . M m o l d m " 
Rt 










4 0 6 
4 0 0 
3.93 
6 00x10"'min"' 











4 0 4 













4 0 0 
3 98 
3 8 4 
3 77 
6.40x10"^ mm"' | 7.40 xlO"^ min"' 
Temp =35°C. [H*] = 0 60 mol dm"^ [CPC] = 0 0060 mol dm"^ [Na2Cr207] = 2x10"" mol d m 
TABLE 146 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT f k r ) IN 


























4 0 6 
4.00 
3 9 0 
4 30x10'^ m m ' 

















5 50x10'^ mm"' 










4 3 4 
4 24 
4 0 4 




6 40x10"^ m m ' 
Temp =35°C. [H*] = 0 30 mol dm"^ [CPC] = 0 0060 mol dm"^ [Na2Cr207l = 2 x 1 0 * mol dm" 
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TABLE 147 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED R>^ TE CONSTANT CKT) IN 
































3 20x10^ mm' 
_ 



















4 00x10^ mm' 




















Temp =35°C, [H*] = 0 10 mol dm^ [CPC] = 0 0060 mol dm ^ [Na2Cr207] = 2x10 ' mol dm 
TABLE 148 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('kr) IN 
































5 80x10^ mm' 



















6 90x10^ mm' 



















1 00x10^ mm' 
Temp=35°C [H*| = 0 60 mol dm- ICPC] = 0 0020 mol dm ^ [Na2Cr207l = 2x10 " mol d m 
239 
TABLE 149 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT {'kr) IN 

























4 0 4 
4 0 0 
3 93 
3 8 4 
4 50x10^ m m ' 








0 6 0 
4*logRt 
4 3 4 
4 25 
4 1 1 




6 00x10^ m m ' 

















6 9 0 x 1 0 ' m m ' 
Temp=35°C [H*] = 0 30 mol d m ' [CPC] = 0 0020 mol d m ' [Na2Cr207] = 2x1 0 ' mol dm 
TABLE 150 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Ckj) IN 













0.04 mol dm"* 
Rt 
-












4 1 1 
4 0 6 
3 98 
3 9 0 
3s30x10'^mm' 



















4 3 0 x 1 0 ' ' m m ' 













4 1 1 





5 8 0 x 1 0 ' m m ' 
Temp =35°C [H*| =0 10 mol d m ' [CPC] = 0 0020 mol dm' , [Na2Cr207] = 2 x 1 0 * mol dm 
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TABLE 151 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Cky) IN 





























6 10x10'^ mm' 

















6 4 0 x 1 0 ' m m ' 

















7 10x10^ mm' 
Temp =35°C, [H'] = 0 60 mol dm ' [CPC] = 0 0005 mol dm"^ [NazCrjO?] = 2 x 1 0 " mol dm 
TABLE 152 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ('ki) IN 















































5 80x10"^ mm"' 

















6 20x10^ mm"' 
Temp =35°C, [H*] = 0 30 mol dm ^ [CPC] = 0 0005 mol dm ^ [Na2Cr207] = 2x10"" mol dm"' 
241 
TABLE 153 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT f k r ) IN 






















4 3 4 
4 26 
4 14 
4 0 6 
4 0 0 
3 93 
3 84 
4 60x10'^ mm"' 












4 1 1 
4 02 
3 9 8 
3 9 0 
3 81 
5 20x10"^ mm"' 
0.10 mol dm"* 
Rt 








4 30 1 
4 25 
4 08 
4 0 0 
3 93 
3 8 4 
3 77 
5.80x10"^ mm"' 
Temp =35''C. [H*] = 0 10 mol dm^ [CPC] = 0 0005 mol d m ' [NajCrjO?] = 2x1 0 ' mol d m 
TABLE 154 
EFFECT OF THE CONCENTRATION OF TWEEN-20 ON THE OBSERVED RATE 
CONSTANT ("KA) 
[Tween-20] 


























































4 80x10''min ' 
4.5x10-mol dm"* 
Abs 
















































































































4 60x10'mm ' 
Temp = 35 °C [H*] = 0 60 mol dm ^ [pTd]o = 0 10 mol dm"', (NazCfjOr] = 2x10""* mol d m ' 
242 
TABLE 155 





















































































































4 5x10'mm ' 
Temp = 35 °C [H') = 0 60 mol dm ' (pTDJo = 0 08 mol dm • [NaTCfjO?) = 2x10' mol dm • 
TABLE 156 





































2 30x10''mm ' 
4.5x10- mol dm"* 
Abs 





















2 40x10'mm ' 























2 50x10'mm ' 
Temp = 35 °C [H*] = 0 60 mol dm ' [pTD] „ = 0 06 mol dm' [Na,Cr,07l = 2x10- mol dm ' 
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TABLE 157 





























0 5 0 
0 5 6 
0 60 
0 6 4 



















1 60x10'mm ' 
4.5x10" mol dm"" 
Ab« 









0 5 4 
0 5 8 
0 62 
0 6 4 
0 6 6 
0 6 6 
In 










2 0 9 
2 78 
3 48 









0 3 6 






























0 8 8 
1 16 
1 37 
0 42 1 62 
0 46 
0 48 








' mm ' 1 
Temp = 35 °C [H'] = 0 60 mol dm ' [pTD] 0 = 0 04 mol dm ' [Na2Cr2ar] = 2x10'' mol dm ' 
TABLE I M 
EFFECT OF THE CONCENTRATION OF TWEEN-20 ON THE OBSERVED RATE CONSTANT {"k*) 
[Tween-20] 
















































a 00x10 mm ' 































8 70x10'mm ' 


























1 90x10'mm ' 


























Temp 35 °C [H*) = 0 60 mol dm"', [pTD]. = 0 02 mol dm' [NajCr^ Or] ' 2x10""' mol dm' 
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TABLE 159 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("k*) IN 































































6 90x10'mm ' 






































































1 1 85x10"'mm ' 






























2 37x10'mm ' 


































4 00x10'mm ' 
Temp = 35 °C, [H*] = 0 50 mol dm ' [NajCrjO?] = 2x10 * mol dm', frween-20] = 4 5x10' mol dm ' 
TABLE 160 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ( X ) IN 
THE PRESENCE OF TWEEN.20 
[pTd]„ 














































































































































1 50x10'mm ' 
O.OSmol dm'' 
Abs 






















































2 50x10'mm ' 
Temp = 35 "C [H'] = 0 40 mol dm' [NajCfjO,] = 2x10^ mol dm' [Tween-20] = 4 5x10 mol dm" 
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TABLE 161 
EFFECT OF THE CONCENTRATION OF TWEEN-20 ON THE OBSERVED RATE CONSTANT ("k,) 
[Tween-20J 




























































































5 00x10'mm ' 



































8 00x10"'mm ' 


















7 -ii, f 
0 05 
0 05 













0 41 1 
7 10x10'mm ' 
Temp = 35 °C [H*] = 0 30 mol dm' [pTd] „ = 0 02 mol dm' (NaiCrjO?) « 2x10"* mol dm' 
TABLE 162 


















































8 80x10"^ mm ' 

































9 20x10"'mm ' 































1 22x10"'mm ' 































1 25x10' mm 
Temp = 35 °C [H*| = 0 30 mol dm' [pTd] „ = 0 04 mol dm' [Na^fja'] = 2x10" mol dm ' 
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TABLE 163 



















4.5x10* mol dm"' 





























9 40x10'mm ' 
4.5x10'mo/dm^ 
Abs 1 In 
0 05 ( 0 065 
0 07 























































































Temp = 35 °C [H*] = 0 30 mol dm ' [pTd] 0 = 0 06 mol dm' [NajCrjOTl = 2x10"* mol dm ' 
TABLE 164 























































































































1 75x10'mm ' 

































1 60x10'mm ' ^ 
Temp = 35 °C [H*| = 0 30 mol dm ' [pTd] 0 = 0 08 mo) dm' [NaiCrjOr] = 2x10'' mol dm' 
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TABLE 165 




















4.5x10" mol dm"' 
Abs In 



























1 60x1 C mm ' 
4.5x10" 
Abs 
































































2 00x10'mm ' 































2 50x10'mm ' 
Temp = 35 °C [H'] == 0 30 mol dm ' [pTd]o = 0 10 mol dm' [NajCrjOr] » 2x10"* mol dm ' 
TABLE 166 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("lu) IN 
THE PRESENCE OF TWEEN-20 
[pTd]. 


































































) 'mm ' 


















































































0 10 mol dm"' 
Abs 
0 10 



































1 00x10' mm 
Temp = 35 °C 
[Na2Cr2O7l = 2x10"'moldm' 
[H*l = 0 20 mol d m ' 
[Tween-201 = 4 5 x 10' mol dm ' 
•[H*]«0 10 mol dm' 
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TABLE 167 






















































0 30 1 




































0 1 3 
0 14 
1 22 0 16 
1 50 
1 91 
2 6 0 








0 0 0 
0 05 
0 1 1 
0 16 
0 3 6 
0 5 1 






5 00x10'mm ' 
2.7x10^ mol dm^ 
Abs 1 In 









0 3 0 
0 50 
0 66 








1 1 06 
1 34 
1 75 
2 4 4 




Temp = 35 °C [H*l = 0 10 mol dm ' [pTd] 0 = 0 02 mol dm ' [NajCrjOT] = 2x 10^ mol dm ' 
TABLE 168 
























































5 30x10'mm ' 

































6 60x10'mm ' 

































8 30x10'mm ' 





















0 1 2 
0 20 









7 70x10'mm ' 
Temp = 35°C, [H*] = 0 10 mol d m ' [pTd]. = 0 06 mol d m ' (Na^r^Orl « 2x10" mol dm ' 
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TABLE 169 
EFFECT OF THE CONCENTRATION OF TWEEN-20 ON THE OBSERVED RATE CONSTANT ("lu) 
[Tween-20] 



















































8 30x10'mm ' 






























9 00x10'mm ' 
2.7x10~'moldm-' "" 































9 10x10'mm ' 
Temp = 35 "C [H*] = 0 10 mol dm ' [pTd]„ = 0 10 mol dm' [NajCfrOr] = 2x10"* mol dm' 
TABLE 170 






















4.5x10"* mol dm'' 
























3 5 0 x 1 0 ' m m ' 
































1 2 0 x 1 0 ' m m ' 
2.7x10'' mol dm-* 



























2 2 0 x 1 0 ' m m ' 


































1 25 X 1 0 ' m m ' 
Temp = 35 °C [pTdlo = 0 04 mol dm' [NajCfjOrl = 2x10"* mol dm' 
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EFFECT OF TH 
TABLE 171 

























4.5x10"" mol dm"' 



























3 30 X 10 ' mm' 








































1 50 X 10' 'min' 
4.5x10- mol dm-



























































1 7 0 x 1 0 ' m m ' 
2.7x10-'mol dm•* 
0.30 mol dm-' 






































1 58 X 1 0 ' m m ' 
Temp = 35 °C [pTd]o = 0 08 mol d m ' [NazCrjOr] = 2x10-* mol dm ' 
TABLE 172 
EFFECT OF THE CONCENTRATION OF H* ON THE OBSERVED RATE CONSTANT ("k*) IN THE 
PRESENCE OF TWEEN-20 










































1 58 X 1 0 ' m m ' 































9 20x 1 0 ' m m ' 































6 20 X 10' mm ' 
Temp = 35 °C [pTd] 0 = 0 04 mol dm ' [Tween-20] = 4 5x10"' mol dm ' |Na2Crj07l = 2x10^moldm^ 
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TABLE 173 















































































































3 60x10"* mm ' 





















0 47 1 09 





















Temp = 40 °C, [H*] - 0 60 mol dm"' [pTd). = 0 10moldm"' [NaTCr^] = 2x10-* mol dm"^  
TABLE 174 
















































































2 00x10'mm ' 
4.5x10- mol dm-
Abs 




















































2 00x10'mm ' 
Temp = 40 °C [H'] = 0 30 mol dm' [pTd]o = 0 10moldm' [NajCfjOr] = 2x10"* mol dm"^  
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TABLE 175 





















































0 10 1 017 






















8 30x10"'mm ' 





















































1 60 ] 
2 10 
3 20 
1 25x10'mm ' 
Temp = 40 °C [H*] -- 0 10 mol dm '. [pTd]„ = 0 10 mol d m ' [NajCriOj] = 2x10"^ mol dm ' 
TABLE 176 























































































3 20x10'mm ' 



























2 50x10" mm ' 


























4 30x10'mm j 
Temp 40 °C [H*] ' 0 60 mol dm ' [pTd] 0 = 0 06 mol dm ' [NajCrjOT] = 2x10"* mol dm • 
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TABLE 177 










































































1 66x10"'mm ' 






























Temp = 40 °C [H*] = 0 30 mol dm', [pTd)o = 0 06 mol dm"' IHaiCriOi] = 2x10"* mol dm' 
TABLE 178 






























































































' mm ; 
Temp = 40 °C [H'J = 0 10 mol dm [pTdl „ = 0 06 mo) dm 
•[pTd] „ = 0 08 mol dm' 
[NajCrjO?] = 2x10* mol dm ' 
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TABLE 179 

































































































































2 00x10''mm ' 
Temp = 40 °C [H*' = 0 60 mol dm ' [pTd] „ = 0 02 mol dm ' [NajCrjO?] = 2x10"* mol dm ' 
TABLE 180 





















































7 50x10'mm ' 
































































































6 90x10'mm ' 
Temp = 40 "C [H*] = 0 30 mol dm' [pTd] 0 = 0 02 mol dm' [NajCrrOr] = 2x10"* mol dm' 
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TABLE 181 
























































































0 26 1 
5 50x10'mm ' 


































Temp = 40°C [H') = 0 10 mol dm ' [pTdJ„ = 0 02 mol dm ' [NajCrjO,! • 2x10' mol d m ' 
TABLE 182 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k*) IN THE 















































































































































































1 29x10" mm ' 


































1 56x10'mm ' 


























Temp = 40 "C [pTd)„ = 0 04 mol dm ' [NajCfjOT] = 2x10" mol d m ' |Tween-20] = 4 5 x 10 mol dm 
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TABLE 183 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k*) IN THE 




















0.10 mol dm-" 
Abs 1 In 
0 08 012 
0 10 0 15 
























7 75x10'mm ' 

































1 0.30 mol dm'' 
Abs 1 In 








































j 0.40 mo) dm^ 
Abs 1 In 































2 50x10'mm ' 
0.50 mol dm' ' 
Abs 1 In 
0 13 0 19 
























3 33x10'mm ' 
f 0.60 mol dm "^  
Abs 1 In 
1 0 15 1 0 23 























4 35x10'mm ' 
Temp = 40 °C (pTd]„ = 0 08 mol dm- [Na2Cr207l = 2x10* mol dm ^ lTween-201 = 4 5 x 10 mol dm " 
TABLE 184 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 




























































4 60x10'mm ' 



































































9 40x10'mm ' 
Temp = 40 °C [pTd] „ = 0 02 mol dm' [Na,Crj07] = 2x10^ mol d m ' [Tween-20] = 4 5 x 10' mol dm' 
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TABLE 185 












































0 5 0 
0 6 6 












0 0 9 





0 3 0 
0 3 3 






0 0 6 













^ m m ' • j 
Temp = 40 °C [pTd]o = 0 04 mol d m ' [H'] = 0 10moldm' [NajCrjOr] = 2x10'^ mol dm ' 
TABLE 186 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("KA) IN THE 












































































1 45x10'mm ' 










































3 33x10'mm ' 
0.50 mol dm'' 
Abs 




































4 70x10'mm ' 
Temp = 40°C [pTd], « 0 10 mol dm ' (NajCfjO?) • 2x10"^  mol dm ' [Tween-201 •= 4 5 x 10' mol dm ' 
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TABLE 187 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT i 
PRESENCE OF TWEEN-20 








































































0.50 mol dm'' 
Ab* 





























Temp = 40 °C [pTd] „ = 0 06 mol dm ' [Na2Cr2O7i = 2x10"'moldm' rrween-201 = 4 5 x 10' mol dm ' 
TABLE 188 

















4.5x10* mol dm" 
Abs 
006 


















































1 86x10^ mm ' 






















2 85x10'mm ' 
























2 70x10'mm ' 
Temp = 45 "C [H'] = 0 60 mol dm ' [pTdl „ = 0 02 mol dm' [HajChOi] = 2x10"* mol dm ' 
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TABLE 189 



















































































1 82x10'mm ' 
1 **2 7x10~'moldm-' 


























1 10x10'mm ' 
Temp = 45 °C * [ H * ] •• 
[pTcl], 
0 50 mol dm' 
= 0 02 mol dm' 
[H*] = 0 30 mol dm', •^H^ = 0 40 mol dm' 
[Na^CfiOr] = 2x10" mol dm' 
TABLE 190 

























































3 80x10'mm ' 




































3 30x10'mm ' 

































4 00x10" mm ' 
2 7x10" mol dm" 































5 00x10'mm ' 
Temp = 45 °C [H'1 = 0 10 mol dm' (pTdJ „ = 0 02 mol dm ' [NajCrjO?] = 2x10" mol dm " 
TABLE 191 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("lu) IN 
PRESENCE OF TWEEN-20 
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' min •' 




























' mm ' 
Temp = 45 °C, [Tween-20] = 4 5x10' mol dm', [pTdJo = 0 02 mol dm"', INajCrjO,] = 2x10"' mol dm' 
TABLE 192 





















































4 50x10"'mm ' 




































































































5 55x10" 'mm' 
Temp = 45 °C, [H*] = 0 60 mol dm" [pTd] 0 = 0 06 mol dm', [NflTCrjO?] « 2x10""* mol dm"" 
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TABLE 193 






















































































2 90x10'mm ' 

































2 50x10'mm ' 
Temp = 45 °C [H*J = 0 30 mol dm ' [pTd] „ = 0 06 mol dm' 
[Na2Cr2O7] = 2x10"'moldm^ 
IH'] »= 0 40 mol dm' 
TABLE 194 
























































7 10x10'mm ' 



































7 30x10'mm ' 



































1 00x10'mm ' 



































1 11x10'mm ' 
Temp = 45 °C [H'] = 0 10 mol dm' [pTd] „ = 0 06 mol dm [NajCrjCJ = 2x10"* mol dm -
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TABLE 195 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("ICA) IN 

























































































































Temp = 45 °C n'ween-20] = 4 5x10' mol dm ' [pTd] 0 = 0 06 mol dm • [NarCfjOr] = 2x10-' mol dm' 
TABLE 196 













































































1 00x10^ mm 
























































1 30x10^ mm ' 
Temp = 45 °C [H*] = 0 10 mol dm ' [pTd] „ = 0 10 mol dm' [NajCrzO?] = 2x10^ mol dm' 
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TABLE 197 






















































2 50x10 'mm ' 













0 6 0 
0 62 
0 6 4 
0 6 6 
0 6 8 















2 8 0 
3 5 0 
2 80x10'mm ' 
4 5x10-mol dm"' 
Abs 
01 4 
0 1 9 
0 25 
??«' 




0 5 0 
. 
0 5 4 
0 5 6 
0S6 















3 3 0 
mm ' 
••2 7x10" mol dm^ 
Abs 









0 5 4 
0 5 6 


















3 30x10 'mm ' 
Temp = 45 °C '[H*] = 0 50 mol dm ' 
[pTdlo = 0 10 mol dm-
[H*] = 0 30 mol d m ' 
[Na2Cr2O7] = 2x10^moldm' 
"*{HT = 0 40 mol dm' 
TABLE 198 






























































































































7 10x10-'mm ' 
































6 66x10'mm ' 
Temp 45 °C [H*l = 0 60 mol dm' [pTd]o = 0 10 mol dm INajCriO,] « 2x10- mol dm ' 
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TABLE 199 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k*) IN THE 
PRESENCE OF TWEEN-20 












20 0 25 0 43 
25 
30 0 32 0 60 
35 
40 0 37 0 73 
45 
50 0 47 1 09 
60 0 47 1 09 
80 054 1 46 
100 058 1 75 
120 0 62 2 15 
140 064 244 
160 066 2 85 
200 0 70 
240 0 70 
1 7x10'mm "kA 
[Tween-20] = 4 5x10'mol dm ' '[NaiCfjO?] = 2x10"* mol dm ' Temp = 45 °C [pTd]o = 0 10moldm-' 
TABLE 200 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k*) IN THE 























Temp = 45 °C 













































































1 56x10'mm ' 
= 4 5x10 ' mol dm 




























































0 08 mo 

















































3 33x10" mm ' 
I d m ' [NajCrjO,] 






































6 66x10'mm ' 
= 2x10''mc jldm-" 
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TABLE 201 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( V ) IN THE 




















0 10 mol dm'" 
Abs 
0 05 



























6 00x10 'mm ' 






























9 17x10'mm ' 



















































































1 88x10'mm ' 
































3 00x10'mm ' 
Temp = 45 °C (Tween-20] = 4 5x10' mol dm' [pTd)» = 0 04moldm' [NajCfjOr) = 2x10^ mol dm' 
TABLE 202 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("KA) IN THE 




















0 30 mol dm"' 








































































0.10 mol dm' ' 































5 5 5 x 1 0 ' m m ' 






























8 33x 1 0 ' m m ' 
Temp = 45 °C [p7d]„ = 0 04 mol dm ' [NajCfjO,] « 2x10"** mol dm' 
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TABLE 203 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("kr) IN 





























3 60x10^ mm' 

















5 00x10^ mm' 

















6 40x10^ mm' 
Temp =35°C [H*] =0 10 mol dm- fTween-20] = 4 7 x 10"^  mol dm ^ 
TABLE 204 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED FIATE CONSTANT ("kr) IN 















































5 20x10"^ mm' 

















6 00x10^ mm"' 
Temp = 35°C [H*] = 0 30 mol dm ' [Tween-201 = 2 7 x 10 ^  mol dm ^ 
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TABLE 205 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED FtATE CONSTANT ("kr) IN 




















































4 00x10"^ min"' 


















Temp =35°C, [H*] =0 10 mol dm"'. [Tween-20] = 2 7 x 10 ' mol dm ' 
TABLE 206 
EFFECT OF THE CONCENTRATION OF p-TOLUIOINE ON THE OBSERVED RATE CONSTANT ("kr) IN 



































5 70x10"^ min"' 





















6 90x10"^ min"' 
















Temp =35°C, [H*] =0 30moldm"^ [Tween-20] = 4 5x10"* mol dm"^  
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TABLE 207 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED I^ ATE CONSTANT ("kr) IN 















































5 00x10"^ mm"' 















7 00x10^ mm' 
Temp = 35°C [H*] =0 10 mol dm- [Tween-20] = 4 5 x 10 * mol dm ' 
TABLE 208 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("M IN 
































5 30x10^ mm' 





































8 70x10 'mm' 
Temp = 35°C, [H*] = 0 30 mol dm" rTween-20] = 4 5 x 1 0 ^ mol dm"" 
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TABLE 209 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("kr) IN 














0.04 mol dm"' 























































Temp. = 40 C, [H*] =0.30 mol dm"^  [Tween-20] = 4 5x10'* mol dm"^  
TABLE 210 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT fkr) IN 
































4 20x10'^ mm' 

















6 00x10'^ mm' 















7 50x10^ mm' 
Temp =40°C, [H*] =0 10 mol dm"^ [Tween-20] = 4 5 x 10 ' mol dm ^ 
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TABLE 211 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("kr) IN 
THE PRESENCE OF TWEEN-20 
[pTd]o 0.04 mol dm ^ 


























6 40 xlO"^  mm ' 









0.10 mol dm"' 





















3 74 1 
1 00x10^ mm' 
Temp = 40 C [H*] =0 30 mol dm' [Tween-20J = 4 5x10'^ mol dm " 
TABLE 212 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("ki) IN 





























4 20x10^ mm' 















5 70x10"^ mm' 















6 90x10^ mm' 
Temp =40°C [H*l = 0 10 mol dm- [Tween-201 = 4 5 x 1 0 mol dm' 
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TABLE 213 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("ki) IN 





























5 20x10^ mm' 

















6 90x10^ mm' 















8 70x10^ mm' 
Temp =40°C, [H*] = 0 30 mol dm ^ [TweeiT-20] = 2 7 x 10 mol dm' 
TABLE 214 
EFFECT OF THE CONCENTRATION OF p-TOLUIDlNE ON THE OBSERVED FIATE CONSTANT ("ki) IN 





























3 40x10"^ mm' 
































Temp =40C [H*] =0 10 mol dm ^ [Tween-20] = 2 7 x 10 ^  mol d m ' 
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TABLE 215 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("krl IN 
































8 30x10'^ mm' 



















9 80x10'^ mm' 




















1 50x10^ mm"' 
Temp =45°C, [H*] = 0 30 mol dm • [Tween-20] = 4 5 x 10 * mol dm ^ 
TABLE 216 
EFFECT OF THE CONCENTRATION OF p-TOLUIDlNE ON THE OBSERVED FtATE CONSTANT ("kr) IN 



































6 60x10"^ mm'' 

















8 50x10"^ mm"' 















1 10x10^ mm"' 
Temp = 45 C [H*] =0 10 mol dm' [Tween-20] = 4 5 x 1 0 * mol dm ' 
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TABLE 217 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("kr) IN 































8 00x10'^ mm' 

















9 00x10"^ mm' 















1 lOx lO^mm' 
Temp = 4 5 X [H*] = 0 30 mol dm- [Tween-20] = 4 5 x 10"^  mol dm' 
TABLE 218 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("kr) IN 




























% 1 5 80x10^ mm' 

















7 50x10^ mm' 

















Temp = 45 C [H*] =0 10moldm^ [Tween 20] = 4 5 x 10 mol dm' 
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TABLE 219 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT Ckr) IN 

































































1 00x10^ mm' 
Temp =45X, [H*] =0 30moldm"^ n'ween-20] = 2 7 x 10 ' mol dm" 
TABLE 220 
EFFECT OF THE CONCENTRATION OF p-TOLUIDINE ON THE OBSERVED RATE CONSTANT ("ki) IN 
































































8 60x10 'mm' 
Temp =45°C [H*] = 0 10 mol dm' fTween-20] = 2 7 x 10 ' mol dm' 
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The kinetics of oxidation of Toluidines in particular and 
aromatic amines in general have been investigated by different 
authors using a number of inorganic oxidantsV'^' '-"*'* '^ It is 
apparent thai different products are obtained on the oxidation of 
Toluidines depending upon the nature of the oxidant used and the 
reaction medium. Some authors have established that nitro 
compounds*'''^"'' '^'' '^ are the end products of the oxidation of 
Toluidines. Vakilwala, Pausacker, Thomas, Walls and Mishra have 
reported azo products with Sodium perborate, lead tetra acetates, 
sodium hypochoride Ag(ll) Complex and chromic acid.^'" ' '* '^' '^' '^^ 
It has also been found that quinones are formed on the 
oxidation of Toluidines. Although most of the authors have shown 
that a particular mechanism is followed by all the isomeric 
substituted Toluidines, under a particular given condition, however, 
in the present study it has been observed that the kinetic and 
mechanistic behaviour of different substituted Toluidines were not 
same 
Preliminary results indicated that oxidation of Toluidines by 
Na2Cr207 in acidic medium exhibits a complex kinetic behaviour. It 
is also evident that kinetic features of oxidation of p-Toluidine, o-
Toluidine and m-Toluidine are different in each case. 
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(A) THE OXIDATION OF p-TOLUIDINE IN THE ABSENCE OF 
SURFACTANT 
Kinetics and Mechanism of p-Toiuidme by Sodium dichromate 
in acidic medium exhibits following kinetic features 
The reaction is found to be first order with respect to [CrjO?]"^ 
under all experimental conditions. The reaction has been 
investigated by two methods: 
a) Titrating a definite volume of the reaction mixture 
against standardized sodium thio-sulfate at different time 
intervals. The pseudo first order rate constant, °kT has 
been obtained from the slope of plot of 4+logRt vs time 
(Rt. represents titration reading at time t). 
b) Reaction has also been followed spectrophotometrically 
at 530 nm and pseudo first order rate constant, °kA has 
been obtained under different conditions from the plot of 
A 00 — A 
Ih 2.VS time (where A represents absorbance at 
Aoo-A, M 
time shown by the subscript). The comparison of rate 
constants obtained by titration method, " k j , with the rate 
constants obtained by the absorbance method, °kA, 
indicated that the pseudo first order rate constant, °kA 
was always greater. 
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It Shoves that the formation of colored product (Pc) and the 
consumption of the oxidant does not take place in one single step, 
A Cr (VI) + -> Pc + (1 ) 
In such a case "k i should be equal to °kA under all conditions 
of experiments. Furthermore, it may a\so be argued that the 
formation of colored product (Pc) is not dependent on some 
intermediate species formed by the reduction of Cr (VI) preceding 
the formation of Pc because in such a case °kA should be less than 
°kT. 
Cr(VI) + ^ X 
X + • Pc (2") 
In view of the fact, that °kA is always greater than "k j , the 
possibility of reaction paths given above ( 1 ' and 2') are ruled out i.e. 
the reduction of Cr (VI) does not precede or occur concurrently with 
the formation of the colored product. It may be emphasized that 
titration by sodium thio-sulfate represents a measure of reduction of 
Cr (IV) and includes all oxidation states of chromium other than Cr 
(III). Whereas absorbance represents the formation of colored 
product. It is a unique observed feature of oxidation of p-Toluidine. 
The reaction also shows a complex kinetic behaviour with respect to 
concentrations of p-Toluidine and hydrogen ion. In order to 
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accommodate the above kinetic features, it is suggested that a 
complex is formed between the oxidant and p-toluidine, Ce (Ce 
represents the complex where oxidation state of chromium remains 
unchanged). The complex, Ce breaks down into two different 
intermediate by intramolecular electron transitions leading to two 
different reaction paths one of which gives the colored product (Pc) 
and the other path gives the second product (P). It may further be 
added that the second reaction path consumes more oxidant/mole of 
product formed in comparison to first reaction path. This assumption 
is based on the fact that the reduction of Cr (VI) cannot be 
significantly shared between two reaction paths otherwise the two 
rate constants would not be so different. 
The reduction of Cr (VI) is exclusively determined by the 
second reaction path and the first reaction path represents a minor 
route by which colored product is obtained and the reduction of Cr 
(VI) is also miinimal. On the basis of above features the following 
mechanism has been proposed assuming that a fraction f of the 
complex is involved in route 1: 
pTd* + Ox ^=^ Ce + H* (2) 
Ce f > Ci6 




k i H * 
> 
Pc + Ox (4) 
p' + Ox (4) 
p" + Ox (4) 
(3) 
(4) 
P' + Ox fasX^ 
2 Ox (4) fast^ Ox (5) +0x (3) 
Oy(5} + P" fast^ P 1- Ox (3) 
In the above mechanism, the terms Cie and C26 represent two 
different reaction intermediate produced by Cg without change of 
oxidation stale of chromium. Other terms used have already been 
explained. A suitable rate expression may be obtained from the 
above mechanism as given below: 
It is assumed that major species of Cr(VI) present at any time 
in the reaction medium are [Ox], [Ox"] and [Ce] 
Ox JIJ > Ox+H* 





Using the following mass-balanced equation the concentration 
of these species can be obtained in terms of concentration of p-
Toluidine and [H*]. 
[Ox], = [Ox] + [Ox] + [C16] + [C26] 
= [Ox] + [Ox-] + Ce 
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= C.[H'] ^ K, Q[H-] ^^ 
Ko[pTd-] [H-] K4pTd-] ^ 
= Ce ([H*] + Ki + Ko [pTd*]) / Ko [pTd*] (7) 
For p-Toluidine the following mass balanced equation may be 
written. 
[pTd]o = [pTd] + [pTd*] 
K[H1[pTd]„ 
K[H-] + l 
and p-Toluidine is largely present in protonated form 
Putting the value of [pTd*] from equation (8) into (7) we get 
[Ox], = C6{([H*]+Ki) (K[H*]+1)+KoK[H*] [pTd]o}/KKo [ H i [pTd]o 
[C j= "><°t^^npTd]o 
^ '^ K, + (1 + K K , ) [ H * ] + KKo[H^][pTd]o ' ' ' 
It has been mentioned that the complex, Ce breaks down into 
two different intermediate Cie and C26. The two different reaction 
paths are determined by the slow decomposition of these 
intermediates. Cie which is a small fraction of Ce gives rise to the 
colored product. The rate of the reaction for this path may be 
obtained as given below -
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A. Rate expression for route 1 
From step 3. the rate of reaction may be written as, 
Ri = fki [Ce] [H*] (10) 
where f represents the fraction of the complex Ce, which is 
involved in route 1. 
It has been noted that the extent of color formation does not 
change significantly under different conditions. For example, a 
change in [H*] from 0.10 to 0.60 moldm"^ does not result in the 
change of absorbance at the end of the reaction by more than 10%. 
Route 1 is a minor reaction path but is fast in comparison to the 
route 2 and furthermore, Cr (VI) reduced by this reaction path is 
insignificant in comparison to Cr (VI) consumed by the reaction path 
(2). 
The complete rate law for this reaction path may be obtained 
by putting the value of Ce from equation (9) Into equation (10) and 
further, replacing fki as k'l we may write -
-d[Ox], _ kJH-]KK„[H-][pTd]o 
dt (K,+(1 + KK,)[H*] + KKJH^][pTd]o^ '^ 
Since it has been assumed that a particular fraction of the 
total oxidant is converted into the colored product The above rate 
282 
law may be expressed in terms of absorbance by the following 
procedure. 
f[Ox]o H [Pc]. oc (A. - Ao) 
Also, f {[Ox]o - [Ox]t} = [PcJ, x A (A signifies Absorbance at 
time t). 
substituting the values of concentration of oxidant in terms of 
absorbance of product we get -
d[A] KK„k,[H^]^[pTd]o(A^-A) 
dt (K,+(UKK,)[H*]) + KKJH*][pTd]e 
giving 
A , - A 
where °k. - KK.kJH^npTd] 
(K,+(UKKJ[H*]) + KKJH^][pTd]o 
The reciprocal of the above equation gives 
^ y__K^HUKKJH-]^_^ (12) 
^ KK.kJH^f [pTd], kJH*] 
[pTdlo 
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The above equation predicts that the plot between ("KA) ^ vs 
[pTd]o ^ should be linear giving a positive intercept at different [H*] 
This has been verified from the plots of (^RA) ^ vs [pTd]„"'' in Fig (PA 
1 - 9) Furthermore, the inverse of the intercepts of these plots [k,] 
have been plotted against [H*] which passes through origin as 
shown in Fig (PA 10-11), the slopes of plots give k'i at different 
temperatures The dependence of the slopes of equation (12) on 
[H*] has also been verified 
k" = K,+(UKK,) [H*] 
which can be arranged as 
KKjk, KKgk, 
The plot of k's [H*]^ vs [H*] is found to be linear giving a 
positive intercept (vide figure PA 12-14) However, the values of 
equilibrium constants Ko, Ki and K could not be assessed from the 
kinetic data It is also not possible, to use values of these constants 
from the literature because their specific dependence on 
temperature and ionic strength are not available 
So far as Route 2 is concerned it has been investigated by 
titration method because most of the oxidant is consumed by Route 
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2. It has been assumed that a fraction (f) of complex Ce is 
consumed by Route 1 whereas the fraction (1-f) of the complex Ce is 
consumed by route 2. It may also be noted that the end product by 
this route is obtained by reduction of more oxidants in fast steps 
These two iactors when taken into account ensure that the oxidant 
is more or less consumed by this reaction path and reduction of Cr 
(VI) by route 1 may be ignored, giving, 
r2= (1-f) ka [Ce] ( i f f is small) 
= k3 [Ce] (13) 
^d[Qx], _ k3KKJH-][pTd],.[0x], 
dt K, + (UKK,) [H ' ] + KKJH-][pTd]e 
The rate constant "kjt, may be obtained as, 
In Ro/Rt = k j t (- where Ro and Rt represent titration reading 
at zero time and at time t and °kT is 
OL' k ,= 
k3KKJH*][pTd], 
K, + (1 + KK,)[H*] + KKo[H^][pTd]o 
The reciprocal of above equation gives: 
(Ok )-i_K. + (1 + KK,)[H-] 1 ^ 1 
k3KKo[H^] [pTd]o kj 
(14) 
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' ' • 1 ^ 0 * ' ' " ' ' 
The above equation has been experimentally verified as the 
plots of (°kT)"^ vs [pTd]o'^ are found to be linear giving positive 
intercepts as shown in Fig. ( P T : 1-3) at different temperature and 
[H*]. The reciprocal of intercepts give ks which have been obtained. 
It is also noted that the plots in fig (PT :1 - 3) give same intercepts at 
different [H*] which is different from the plots obtained by using the 
absorbance data in Route 1. The values of ki and ka at different 
temperatures have been tabulated and their activation parameters 
have been evaluated as shown in Table 1 and table 1A respectively. 
The slopes of equation (14) has been tested for its 
dependence on [H*] by rearranging the equation as given below: 
k K , + ( U K K , ) [ H - ] 
The above equation shows that plots of ks[H*] vs [H*] should 
be linear. This is verified by plots in Fig (FT: 4). Unfortunately, this 
investigation also does not yield the values of different equilibrium 
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«k', = 14 0min 
T5 = 2 8minmoldm-^ 
" ^ = 9 01X1111 
"k'j = 1 6 min mol dm"^  
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Fig (P^ 7) Plots between ( \ ) ' vs [pTd]^' mthe absence of any surfactant 
Temp =45»C, [H"] = (a) 0 30 mol dm"', (b) 0 50 mol dm-\ 
[Na^Crp^] = 2x10-* moi dm'^  [surfactant] = Nil 
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0.10 min'^ mol"' 
0.017 min-^ 
40''C 
0 14 min' ' mol'^ 
0.020 min'^ 
45''C 
0.23 mm' ' mol ' ' 
dm^ 
0.025 min"' 
ki is the slope of plot between (k'l) versus [H*], (figure PA: 10,11) 
ks is slope of plots between ("kr)"^ versus [pTd] o ' \ (figure PT: 1-3) 
Table 1A 
KINETIC DATA FOR THE OXIDATION OF p-TOLUIDINE BY 





















Nature of rate 
constant 
Ci6 [ kiH 
Pc+0, (4) 
C26 1 ks 
P + 0 , (4) J 
Thermodynamic parameters were determined in absence of 
surfactant in H2SO4 medium at 308 K. 
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(B) Oxidation of p-Toluidine in the presence of CPC 
The oxidation of p-Toluidine in the presence of CPC has been 
investigated by methods given earlier It is observed that the 
oxidation rate is retarded by the presence of CPC. Furthermore, the 
retardation effect is observed in premicellar as well as post micellar 
regions. This would suggest that micelles have no specific role to 
play in the reaction. The kinetic features of the reaction may be 
justif ied by partly modifying the mechanism proposed earlier. The 
complex Ce, interacts with cationic species of cetyl pyridinium 
chloride, D*. (D* represents the monomer as well as any aggregate 
present in pre and post micellar region of the detergent) The 
complex, CD*, is less reactive species and it reduces the 
concentration of free complex, Ce present in the reaction medium. 
From the proposed equilibrium, 
Ce + D*_K1 . CD* 
< 
The mass-balanced equation for [Celt may be written as 
[Celt = [Cel + CD* 
= [Cel + K*[D1 [Cel 
giving, 
[Cel = [Ce l t / 1 +K*[D*1 (17) 
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[CD-]^ ^ ^ [CJ, 
1 + K-D* ' ' (18) 
It is, further, assumed that the complex CD* gives rise to the 
formation of colored product (Pc) and is not significantly involved in 
the reduction of Cr (VI). It has already been argued that only a small 
fraction of complex Ce produces Pc as the end product with these 
two routes the rate of formation of Pc may be given as: 
Ri = ki [H*][C6] + k M C D l 
Putting the values of [Ce] and [CD*] in terms of [C6]t from 
equation (17) and (18) in the above equation we get 
R, =J<,[H^] + kMD'])[Ce],/1+*k[D*]. 
-d[Ox], ^ , [ H - ] ^ - k [ D - ] } KKo[H-][pTd]o[Ox], 
dt U -klD*] K-+(UKK,) [H*] + KKJH*][pTd], 




= * k , ( A , - A ) 
givmg, 
A , Ag 
A , - A 
= *k,t where 
. ) 
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Mc, *k KKe[H*][pTd], 
K,+(1+KK, [H*] + KKJH*][pTd]o (19) 
where *k = kJH-K-k(D ' ] 
1+K*[D*] (20) 
Taking reciprocal of equation (19) we get 
( * k j = , k,(1 + KK,)[H*] 1 1 
• k K K J H * ] [pTd], *k' 
*k. 
[pTd]„ + *k', (21) 
The above equation has been verified by the plots of (*kA)"^ vs 
[pTd]o'^ which are found to be linear vide Fig. ( P A : 1 5 - 4 7 ) , giving 
positive intercepts at different temperatures and [H*] as well as 
different [CPC]. 
The intercepts, *kr of these plots have been further 
investigated for their dependence on [H*] as well as [CPC] at 
different temperatures. Rearranging equation (20) to give, 
1 + K*[D^] U K ' [ D * ] 
= *k's[H*] + *k' (22) 
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The above equation stands verified from the plots of (*k'i)' ' vs 
[H*] at different [D*] and temperature. These plots are found to be 
linear giving positive intercepts, *k', Vide Fig. (PA: 48 - 56) 
Furthermore, the slopes of the above plots, *k's and the 
intercepts have been used to evaluate the values of k i , *k and 
equilibrium constant K* in the following manner. 
Using the definition of the intercepts in equation (22) we may 
write. 
*k 
1 + K^[D*] 
Reciprocal of above equation gives, 
1 K* 
( * k , ) = — • — + — 
*k[D*] *k 
i + , - 1 This equation has been verified by the plots of (*k'i)'^ vs [D*]' 
which are found to be linear giving positive intercepts at different 
temperatures. The reciprocal of the slopes of these plots (Fig. PA'-
57) have been used to evaluate the values of *k at different 
temperatures and from the ratio of intercept / slopes of these plots 
the value of equilibrium constant K* has been obtained. 
Furthermore, the slopes of plots in fig. (PA: 47 to 55) have been 
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used to get the value of k, using the definition of *k's from eq. (22), 
we may write: 
C k . - '' 
1 + K*[D*] 
Taking reciprocal of above equation gives 
(^k^)-i=_L + ^ [ D * ] (23) 
Equation (23) has been verified from the plots of(*ks) ' vs [D*] 
which are found to be linear at different temperatures and 
furthermore the values of ki has been obtained from reciprocal of 
intercepts of these plots vide (fig PA: 58), whereas ratio of 
slope/Intercept gives the value of K* at different temperatures. 
These parameters have been presented in table-2. 
It may be noted that the values of K* obtained using slopes 
and intercepts give reasonably similar values. However, it is 
admitted that the values of ki are rather on higher side if compared 
with the values of ki obtained from the kinetic data of the reaction in 
the absence of surfactant. 
It has been argued earlier that most of the Cr (VI) (S reduced 
by the reaction path which gives rise to product (P) in the proposed 
mechanism. The titration value of the reaction mixture at different 
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intervals measures the decrease in the concentration of the total 
oxidant. It appears that this reaction path is not effected directly by 
the presence of detergent, except for the fact that the mass 
balanced equation is affected due to the presence of complex CD* 
and the free concentration of complex [Ce] in terms of total 
concentration of [Cejt may be used as above i.e. 
get, 
(CJ = [CeJ 
1 + K*[D^] 
putting the value of [Ce] in the rate law used earlier (13), we 
R2 = k3(1-f) [C6] 
^ k3[CJ, 
k3KKJH*][pTd]o[Ox], 
^ + ( U K K J [ H ^ ] + KK,[H^][pTdIoJ(l + K^[D*l) 
This yields: 
In Ro/R, = *kT t 
where, 
^ ^ _ k3KKJH^][pTd]o[Ox], 
' (1-fK*[D^])J<,+(1 + KK,)[H^]+KK„[H*][pTd]J 
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Taking reciprocal of above equation, we get 
[pTd]o 
where -k . J^^^^ tD- ] ) (K . . (UKKO[H- ] ) ^^^ 
ksKKofH^] 
1 1, 
^ + 1. \ - i . Equation (24) stands verified from the plots of ( kx)" vs [pTd]o' 
which are found to be linear at different temperatures, [H*] and [D*] 
vide Fig. (PT: 5 - 16). 
The intercepts of these plots, *k| have been tested for their 
dependence on [CPC] using the definition of *k| from equation (22), 
we may write: 
, 1 K*[D*] 
k, = — + —-—-
^3 ^3 ( 2 4 B ) 
The plots of *k, vs [D*] have been found to be linear giving 
positive intercept at different temperatures (vide figure FT. 17-18). 
Values of ks and K* have been presented in table 2 and activation 
parameters are presented in table 2A. It may be noted that the 
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values of ka are similar to those obtained in the absence of 
surfactant accepted at 45°C. 
The pseudo first order rate constant observed in the presence 
of CPC, *kT may be related to the pseudo first order rate constant 
°kT observed, in the absence of surfactant using equation (23) by 
rkj)-'=: 1 K"[D^] + k J k J 
(25) 
This equation has been tested at different temperatures as the 
plot between (^kr)'^ vs [D*] are found to be linear giving positive 
intercepts. It is also verified that the values of °kT obtained by the 
reciprocal of intercept of these plots (Fig. 19-24) compares well with 
the values of °kT observed in the absence of surfactant at different 
temperatures under similar conditions. These values have been 
presented in Table 3. 
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10 00 mm mo\ dm ' 
0 25 m m ' mo l ' ' dm^ 
0 0185 mm ' 
40''C 
12 50 mm mol dm ' 
0 50 m m ' m o r ' d m ' 
0 0200 mm ' 
45°C 
20 00 mm mol dm ' 
1 60 mm ' mol ' d m ' 




350 m o l ' d m ' 
460 mo l ' ' d m ' 
500 m o l ' d m ' 
475 mol ' dm^ 
666 mol" ' d m ' 
560 mol " d m ' 
*k IS reciprocal of slope of plot between (*k',) ' ' vs [ D * ] ' , ( f igure PA. 57) 
ki IS reciprocal of intercept of plot between (*ks')"' vs [D*] , (f igure PA; 58) 
ks IS reciprocal of intercept of plot between (*k',)'^ vs [D*] , (f igure PT. 17-18) 
K** IS rato of intercept/slope of plot between ('k',)'^ vs [D*] , (f igure PA. 57) 
K' IS ratio of slope / intercept of plot between (*k',) vs [D*], (f igure PA 58) 
TABLE 2A 
KINETIC DATA FOR THE OXIDATION OF p-TOLUIDINE BY SODIUM DICHROMATE IN 
ACID MEDIUM 
Rate 






















Nature of rate 
constant 
r n * ** ^ 
u u y 
ir^ ^ L r n * i ' ^ [t/sj + In J * 
Ce ' ' > 
Thermodynamic parameters were determined in the presence of CPC surfactant in 
H2SO4 medium at 308 K 
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TABLE 3 
Temp = ZS°C 
0 06 mol dm ' 
0 10 mol dm ' 





















Temp = 40'*C 
[ p T d ] , ^ \ ^ ^ ^ ^ 
0 06 mol dm ^  
0 10 mol dm ^ 











"ki/min ^  
0 0080 
0 0070 







Temp = AS'C 
( p T d ) , ^ ^ ^ ^ ^ 
0 06 moi dm ^ 
0 10 mol dm ^ 


























' k i ' IS reciprocal of intercept of plot between ('kj) ' vs [D"] 
°kT IS the rate constant observed in the absence of surfactant 
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(C) Kinetic of Oxidation of p-Toiuidine in the presence of 
Tween-20 
There appears to be number of significant differences in 
kinetic features of oxidation of p-Toluidine in the presence of 
Tween-20 when compared to those observed in the presence of 
CPC. However, the reaction is overall slower in the presence of 
Tween-20. It appears that some of the assumptions made earlier 
still hold namely; 
1. A complex is formed between detergent species with the 
oxidant-substrate complex with low reactivity. 
2. The complex is formed in pre as well as in post micellar 
region. 
3. The complex breaks down in the rate determining step to 
give colored product. 
4. The part of free substrate-oxidant complex also results in 
the formation of the colored product. 
5. The major part of the oxidant is reduced by another route 
producing the product (P). 
In view of the above following mechanism has been proposed 
satisfying observed kinetic features of reaction. 
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Cg +Dn ^ >CDn 
< 
CDn "^"' >Pc (26) 
[Ce] + [ H ' ] ^ - ^ P c - - - (27) 
The total oxidant-substrate complex is partly complexed with 
Tween-20 and is partly present in free state giving, 
[Celt = [Ce] + [CDn] 
In the above mass-balance equation, the concentration of the 
detergent complex and free oxidant substrate-complex may be 
obtained as given below: 
[Ce]. = [Ce] + [CDn] 
= [Ce] + Kn.[Dn] [Ce] 
= [C6] (1 + Kn[Dn]) 
[Ce] = [Celt/ (1+Kn[Dn]) (28) 
CDn = Kn[Dnl/ (1+Kn[Dnl) (29) 
Assuming that the formation of colored product involves steps 
(26) and (27) will gives Pc /dt = "KACD + k, [H*] [Ce]. 
"k,K„Dn ^ k,[H-l 
1+K Dn 1+K Dn 
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"k K I "^it^^lj P" KKJH'][pTd]JQx], 
' A ' ^ n Dn J 1 + K„Dn K, + (1 + KK,)[H*] + KKo [H^] + [pTd]o 
KH OX , 
1 + K„Dn "^ '^ 
where 
"K'A = "KAKP + k, i ^ and 
Dn 
K KKJH-][pTd]„ 
" K,+(UKK,)[H^] + KKo[H*][pTd]o 
It has been assumed that a particular fraction of the oxidant is 
reduced by this route to produce the colored product. Therefore, 
using assumptions made earlier, the pseudo first order rate constant 
k' (as defined below) may be calculated from the absorbance data 
using. 
A o o - A , 
't 
The values of pseudo first order rate constant k' has been 
obtained at different temperatures, [H*] and [Dn]. The dependence 
of k' on [H*] and [Dn] have been investigated in the following 
manner using the definition of k' given earlier. 
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^,_ "kA[Dn] ^^  
UKJDn] ' 
^k'.[Dn] KKJH-][pTd], [Ox], 
1 + KJDn) K,+(UKK,)[H*] + KKo[H^] [pTd], 
The reciprocal of above equation may be expressed as 
, ^ 1 + KJDn] fK,^(UKK,) [H- ] ^ ^] 
"k'[Dn] [ KKJH*][pTd], J (30) 
k' 
S , 1 1 , 1 
[pTdJo + "k' 
where, 
'k- = 
1+K„[Dn]fK,+(1 + KK,)[H*]^ 







Equation (30), (31) and (32) have been verified by using 
suitable plots. Equation 30 predicts that plot (K 'A)" ' VS [pTd]o"' 
should be linear giving positive intercept at different temperatures 
and [H*] this is found to be true as shown in Fig. (PA: 59-74). 
Furthermore, the dependence of the intercept on[H*] and [Dn] 
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appearing in equation (32) has also been verified taking reciprocal 
of the equation. 
^„^, _^, ^  "k.KJDnj , k,[H-] 
UK„[Dn] UK„[Dn] 
="k',+''k'JH*] (33) 
where n,^ , "k.KJDn] 
1 + K„[Dn] 
and 
"k\= ^ (35) 
1 + KJDn] 
The plots of ("k'l)"^ vs [H*] are found to linear giving pos'five 
intercepts as predicted by equation (33) at different temperatures 
vide fig (PA: 75 - 86). Furthermore, the dependence of mtercepts of 
thee plots "k', on [Dn] has been tested using reciprocal of equation 
(34). 
CKY^- ' ' ' 
"k,Kn[Dn] "k. 
The plots of reciprocal of(" k'l)'^ vs [Dn]"^ is also found to be 
linear as shown in fig (PA : 87 - 89). The reciprocal of the intercepts 
of these plots give"k at different temperatures and the ratio of 
intercept / slope of these plots vide (Fig. PA: 87 - 89) give the value 
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Of Kn. Similarly, the dependence of slope of equation (33) on the 
concentration of detergent has been tested by taking the reciprocal 
of equation (35) which gives 
The plots of ("k's)"^ vs [Dn] are found to be linear as shown in 
f ig. (PA : 90 - 92). The reciprocal of intercepts of these plots give 
the value of ki at different temperatures and the ratio of slope / 
intercept of these plots give the value of Kn. These values have 
been presented in table 4. 
It may be noted that the value of Kn obtained from the plot, fig 
( P A : 8 7 - 8 9 ) and Fig. ( P A : 9 0 - 9 2 ) are in agreement with each other at 
different temperatures. It may also be pointed out that the values of 
ki which is associated with the route by which oxidant substrate 
complex breaks down in rate determining step in the absence of 
surfactant or in the presence of CPC or Tween-20 showed different 
values. This may be attributed to the fact that in presence of 
detergent, different fractions of oxidant substrate complex are 
involved. It may be recalled that in the definition of ki the factor f 
signifies that a portion of oxidant substrate complex intrinsically 
breaks down to give the colored product (see equation 10). 
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Kinetics of Route 2 
The second Route by which free oxidant substrate-complex 
breaks down to give product P, remains unaffected by the presence 
of Tween-20 except for the fact that the mass balanced equation is 
modified due to the presence of the detergent. 
Taking this into account the reaction rate for the reduction of 
Cr (VI) is written as 
-d[Ox], 
dt k3(1-0[Ce] 
or, 1 + KJDn] 
putting the value of [Ce] from equation 28 we get 
KKJH-][pTd]JOx], -ci[Ox], _ k3 __ 
dt 1 + KJDn] K,+(UKK,)[H*] + KKJH'][pTd], 
In terms of titer values the above equation may be written as 
In Ro/Rt = "ki t 
where, 
"k = KKo[H*][pTd]e 
UK„[Dn]K,+(UKK,)[H*] + KKo[H*][pTd]o (36) 
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The values of pseudo first order rate constant"k has been 
obtained using titration values under different conditions of [H*], 
[Dn] and temperatures 
Taking reciprocal of equation (36) we may write 













rn,. x-1 The equation (37) has been verified as the plots of ( ki)" vs 
[pTd]o'^ are linear giving positive intercept, "k| at different 
temperature and [Dn] as shown in fig (Py: 25 to 27). 
Furthermore, the plots of intercept of Fig. (PT: 28-30) vs [Dn] 
are found to be linear as predicted by equation (38). The values of 
k3 have been evaluated from the reciprocal of these plots (PT : 28 -
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30) and the value of Kp has been determined from the ratio of 
slope/Intercept. The activation parameters are given in table 4A. 
Equation (37) may also be expressed as, 
( "kT) -^=—^ + —"-[Dn] (39) 
Where °kT is the rate constant observed in the absence of any 
surfactant under similar conditions. This equation has also been 
verified as shown in Fig (Py : 31 - 39) from the intercept of these of 
these plots, "k j has been obtained and are tabulated in table 5 and 
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0 020 mm"' 
0 016 mm ' 
0 26 m m ' ' mol ' dm^ 
Kn' 
Kn 
533 m o l " ' d m ' 
444 mo l ' d m ' 
40''C 
0 025 mm ' 
0 018 mm"' 
0 28 mm ' mo l " ' d m ' 
400 mol dm' 
388 mol ' d m ' 
45°C 
0 035 mm"' 
0 021 m m ' 
0 31 m m ' mo l ' d m ' 
1 
466 mo l ' d m ' 
375 mo l ' d m ' 
"k IS reciprocal of intercept of plot between "k', vs (DyJ"' , (f igure PA 87-89) 
kj IS reciprocal of intercept of plot between "ki vs D„ , (figure PT 28-30) 
k, IS reciprocal of intercept of plot between ("k,') ' vs [D^], (f igure PA 90-92) 
Kp* IS ratio of Intercept / slope of plot between ( k,') vs [D*J""', (f igure PA 87-
89) 
Kn IS ratio of slope/mtercept of plot between ("k',)"' vs [Dn], (figure PA 90-92) 
TABLE 4A 

























Nature of rate 
constant 
CD„ r "k H* 
Pc 
i k i 
Pc 
r r 1 *^' \ 
l ^ s j > 
Thermodynamic parameters were determined in the presence of Tween-20 in 
H2SO4 medium at 308 K 
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TABLE 5 
Temp = 35°C 
0 10 mol dm'' 
0 30 mol dm'' 





















Temp = A C C 
0 10 mol dm"' 
0 30 mol dm'' 





















Temp = 45°C 
^\^^fpTd]o 
0 10 mol dm"' 
0 30 mol dm'' 





















^ki* IS reciprocal of intercept of plot between ("kr) ' ' vs (D»J 
'kr IS the rate constant observed in the absence of surfactant 
308 
The structural mechanism of the oxidation of p-Toluidine may be represented by the 
following sequence leading to formation of coloured product as azoderivative and the 
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A. KINETIC DATA AND 
OBSERVED FIRST ORDER 





EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 

































































0 0040 mm ' 




























0 0030 mm ' 




























0 0027 mm ' 




























0 0022 mm ' 




























0 0020 mm ' 
Temp = 35 °C [oTd]o = 0 01 mol dm' [Surfactant] = ml. [NarCr^ Or] = 2x10^ mol dm ' 
TABLE 2 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k) IN THE 





































0 0100 mm ' 
























0 0064 mm ' 
























0 0061 mm ' 
























0 0052 mm"' 
























0 0041 mm ' 
























0 0035 mm ' 
Temp = 35 °C {oTdJo = 0 02 mol dm' [Surfactant] « nil [NajCrTO?] = 2x10" mol dm' 
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TABLE 3 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 







































0 0125 mm ' 






















0.0135 mm ' 


















0.0168 mm ' 



















0.0180 mm ' 
_ 




















0.0200 mm ' 


















0 0250 mm ' 
Temp = 35 °C, [oTdJo = 0 06 mol dm"^, [Surfactant] = ml, [NazCrjO?] = 2x10"* mol dm"' 
TABLE 4 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k) IN THE 





































0.0280 mm ' 





















0 0320 mm ' 



















0 0400 mm ' 
Temp = 35 °C 
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TABLE 5 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k) IN THE 



































3 8 4 
3 77 
3 69 
0 0350 mm ' 
0.20 mol dm"* 
Rt 
2 10 








4+log R t 
4 32 




4 0 4 
384 
3 65 
3 5 4 
0 0400 mm ' 
0.25 mol dm^ 
Rt 





0 6 0 




4 0 4 
3 3 4 
3 77 
0 0500 mm ' 













4 0 8 
4 0 0 
3 87 
3 77 
0 0580 mm ' 
Temp = 35 °C, (oTdJo = 0 10 mol dm , [Surtadant] = ml [NazCoO?] = 2x10"* mol dm"" 
TABLE 6 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 












































































































































































































mm ' ! 
1 
Temp = 40 "C [oTdJo = 0 01 mol dm' [SurfacUntJ = nil [NajCfiO?] = 2x10"* mol dm' 
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TABLE 7 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 

















































0 0040 mm ' 




























0 0030 mm ' 































0 0027 mm ' 































0 0022 mm ' 
































0 0019 mm ' 





























0 0016 mm ' 
Temp = 40 °C [oTdJo = 0 02 mol dm' [Surfactant] = ml [NajCfjOr] = 2x10"* mol dm" 
TABLE 8 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k) IN THE 















































3 7 7 
3 69 
3 77 
'0 mm ' 












0 6 0 















































10 mm ' 





























































0 9 0 
0 80 




mol d m ' 
4+log 
R t 











^0 mm ' 
Temp = 40 °C (oTdlo = 0 06 mol dm [Surfactant] = nil 
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TABLE 9 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 






















































0 0280 min ' 


















0 0340 mm ' 


















0 0530 mm ' j 
Temp = 40 X [oTd]o = 0 08 mol dm"^, [SurfacUnt] = ml [Na2Cr207] = 2x10 mol dm" 
TABLE 10 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 
ABSENCE OF SURFACTANT 
[H*] 0.15 mol dm' 0.20 mol dm"^  0.25 mol dm"* 0.30 mol dm" 
Time (min) Rt 4+log Rt Rt 4+log Rt Rt 4+lo<j Rt Rt 4+log Rt 
2 10 4 32 
200 4 30 
1 90 4 28 1 80 4 25 1 70 4 23 
10 1 75 4 24. 1 60 4 20 1 50 4 17 1 30 4 11 
15 1 50 4 17 1 35 4 13 1 70 4 07 1 00 4 00 
20 1 15 406 1 00 400 090 3.5» 0 85 3 93 





3 81 0 55 3 79 0 45 3 65 
3 69 0 40 360 
0 0460 mm 0 0570 mm ' 0 0640 mm ' 0 0680 mm ' 
Temp = 40 °C [oTd]o = 0 10 mol dm ^ [Surfactant] = ml [NajCrjO?] = 2x10"^ mol dm 
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TABLE 11 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {°k) IN THE 
ABSENCE OF SURFACTANT 









































0 0079 mm ' 
0 05 mol dm"' 
R t 
2 20 
2 0 0 
180 
1 6 0 






0 6 0 
4+ log 
R t 






4 0 4 
4 0 0 
3 93 
3 8 4 
3 77 
0 0061 mm ' 










0 9 0 
0 80 
0 70 
0 6 0 
4+ log 
R t 







4 0 4 
3 95 
3 9 0 
3 8 4 
3 7 7 
0 0054 mm ' 












0 8 0 
0 70 
4 + l o g 
R t 
4 35 
4 3 2 
4 2 9 
4 23 
4 2 0 
4 14 
4 11 
4 0 9 
4 0 0 
3 95 
3 9 0 
3 8 4 
0 0044 mm ' 
0 10 mol d m ' 
R t 
2 3 0 
2 IS 
2 0 0 
1 75 
1 6 5 







4 + l o g 
R t 












0 0038 mm ' 
0 12 mol dm ' 
R t 






















4 1 7 
4 11 




0 0037 mm 
Temp = 45 C [oTdJo = 0 02 mol dm ' [Surfactant] = nil [NajCr,07) = 2x10'^ mol dm ' 
TABLE 12 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 
ABSENCE OF SURFACTANT 






















0 9 0 










4 0 0 
3 95 
3 9 0 
3 8 4 
3 77 
3 69 
0 0044 mm ' 

















4 0 6 
4 02 
3 9 8 
3 87 
3 74 
0 0035 mm ' 









0 9 0 







4 1 3 
4 0 8 
4 0 4 
4 0 0 
3 95 
3 9 0 
3 8 4 
0 0031 mm ' 












4 + l o g 
R t 




4 1 1 
4 0 8 
4 0 2 
3 9 8 
3 93 
3 87 
0 0028 mm ' 











0 8 5 
0 70 












3 8 4 
0 0025 mm ' 


























0 0021 mm ' 
Temp = 45 °C [oTdlo = 0 01 mol dm ^  [Surfactant] = ml [NaiCrjOT] = 2x10"* mol dm' 
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TABLE 13 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 







































0 0175 mm ' 























0 0200 min ' 



















0 0270 mm ' 




















0 0370 mm ' 




















0 0410 mm ' 



















0 0480 mm ' 
Temp = 45 °C [oTd)o = 0 06 mol dm ^ [Surfactant] = ml [Na2Cr207] = 2x10"^ mol dm ' 
TABLE 14 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE: CONSTANT (°k) IN THE 



































0 0320 mm ' 


















0 0450 mm ' 
















0 0650 mm ' j 

















0 0780 mm ' 






















0 0920 mm ' 
Temp = 45 °C [oTdlo = 0 08 mol dm ^ [Surfactant] = ml [Na2Cr207] = 2x10^ mol dm' 
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TABLE 15 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k) IN THE 
































°k 1 0 0640 mm ' 





















0 0850 mm ' 



















0 1050 mm ' 



















0 1200 mm ' 
Temp - 45 °C [oTd]o = 0 10 mol dm ^  [Surfactant) = ml [NajCrjO/] = 2x10"^ mol dm 
TABLE 16 



































0 0100 mm ' 




















0 0110 mm ' 



















0 0120 mm ' 


















0 0125 mm ^ 
b) 0.08 mol dm ^ 









































= 0 04 mol dm • 
[H*] (a) 0 10 mol dm , (b) 0 08 mol d m ' 
[NarCrrOz] = 2x10^ mol dm"^ 
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TABLE 17 


































0 0130 mm ^ 



































0 0149 mm ' 
(b) 0.20 mol dm ^  


















0 0140 mm ^ 
















0 0146 mm ' 
















0 0152 mm ' 
Temp = 35 °C 
[oTdlo = 0 06 mol dm ' 
[H*] (a) 0 25 mol d m ' (b) 0 20 mol d m ' 
[Na^CrsO-] = 2x10"* mol dm ' 
TABLE 18 














(a) 0.10 mol dm"* 




















0 0180 mm ' 




















0 0192 mm ' 

















0 0200 mm ' 




















0 0184 mm ' 
(b) 0.08 mol dm'* 


















0 0192 mm ' 

















3 60 1 
0 0240 mm ' 
Temp = 35 °C 
[oTd]o = 0 06 mol dm ' 
[H*] (a) 0 10 mol dm •" (b) 0 08 mol dm 
[Na2Cr2O7) = 2x10^moldm' 
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TABLE 19 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT f k r i ) 





































0 0134 mm ^ 
a) 0 20 mol dm 
2x^0•* mol dm-' 
RL 
-
















4 0 0 
3 8 4 
3 6 0 









0 9 0 
0 6 0 
0 40 
oov 









19 mm ^ 
1x10"* 
RL 















4 0 4 





i b ) 0 10 mo l dm 





0 9 0 
0 70 
0 5 0 









3 6 0 
0 0360 mm ^ 
3 
















0 0440 mm ' 
Temp = 35 °C 
[oTd]o = 0 lOmoldm" 
[H*] (a) 0 20 mol dm"^ (b) 0 10 mol dm ' 
[Na2Cr207] = 2x10^ mol dm ^  
TABLE 20 
EFFECT OF THE CONCENTRATION OF CPC ON THE OBSERVED RATE CONSTANT Ckn.) 











































3 8 4 
9 mm 
ol dm ' ' 
(a) 0 25 mol dm 
2x10"' 
RL 




















4 0 4 
3 95 














0 5 0 
0 01 








4 0 0 
3 93 
3 69 
73 mm ^ 

























4 0 0 
3 9 0 














0 5 0 
0 022 
{b> 




4 3 4 
4 0 0 
4 20 























4 0 0 
4 14 






































4 3 4 









0 mm ^ 










0 5 0 
0 40 
0 024 









3 8 4 
3 69 
3 6 0 
0 mtn 
3 










0 5 5 









0 0280 mm ' 
IxlO"* 
R t 





1 2 0 
0 9 
0 70 










4 0 8 
3 9 5 
3 8 4 
3 6 9 
Dmin ' 
(b) 0.08 mol dm 
2x10"* mol dm-* 
R t 
2 10 




4 3 0 




0 8 0 
0 6 0 
4 1 7 
-
4 0 0 
3 9 0 
3 77 
0 0340 mm ' 
3 
axlO"* mol dm^ 
Rt 
2 10 
















3 8 4 
3 69 
3 6 0 
0 0390 mm ^  
Temp 
[ o T d J o •• 
40 °C 
0 06 mol dm' 
[H*] (a) 0 10 mol dm"^ (b) 0 08 mol dm • 
[Na2Cr207] = 2x10"* mol dm ^ 
TABLE 22 



















































8 mm ' 
ol dm^ 

























4 1 1 
4 02 
3 97 
3 8 4 
50 mm ^ 
3 















4 3 6 
4 32 
-




4 0 0 
3 93 
32 69 







2 0 0 





0 5 0 
0 4 0 
0 039 







4 3 0 
4 0 0 
4 14 
4 0 8 
3 97 
3 8 4 
3 69 
3 6 0 






















































































* mol dm'' 
1 4't'log 
Rt. 




4 0 0 
3 74 
3 60 
0 mm ' 
(a) 0.10 mol dm 
2x10 
R t 
















0 mm ' 
-3 
1 3x10"* mol dm"* 










4 0 0 
3 9 0 
3 6 0 








2 0 0 
0 85 










4 0 0 
3 93 
3 81 
B mm ' 
b) 0.20 mo l dm 
2x10"* mol dm •• 
R t 
-
2 3 0 
2 20 
1 75 
1 2 5 
1 10 
0 80 
0 6 0 
0 5 0 
f 44-IO0 
R t 
4 3 6 
4 3 4 
4 24 
4 0 9 
4 0 4 
3 9 0 
3 77 
3 69 
0 0186 mm ^ 
-3 
















4 0 4 
3 84 
3 60 
0 0204 mm ' 
Temp = 40 C 
[oTd]o = (a) 0 10 mol dm ^ (b) 0 08 mol dm" 
[ H T (a) 0 10 mol dm"^ , (b) 0 20 mol dm" 
[Na2Cr207] = 2x10"* mol dm ^ 
TABLE 24 









































4 0 4 
3 9 0 
3 77 
9 mm ' 
lo l dm ^ 























3 8 4 
3 69 
50 mm ' 
3x10^ 
R t 






0 9 0 
0 5 0 
0 02< 
' mol dm"* 
































4 0 8 
3 97 
3 8 4 
3 6 0 
0 mm ^ 
mol dm"^ 
2x10^ m 


















4 3 4 
4 25 
4 2 1 
4 14 




















































(a )O. IOmoldm' ' 





















4 1 3 
-
4.00 
3 8 4 
3 78 
3 6 0 



















0.0150 min "^  






















(b) 0.08 mol dm ^ 
IxlO^'moldm"' 
Rt 







































































0.0190 m i n ' 
-
Temp = 40 °C 
loTdlo= 0 04 mol dm"^ 
[H*] (a) 0 10 mol dm"^ , (b) 0 08 mol dm-
[Na2Cr207l = 2x10"^  nral dm"^  
TABLE 26 











































10 mm ' 
ol dm"^ 



















4 0 4 
3 95 
3 8 4 
3.77 
2 min •' 
3x10"* mol dm"* 
R t 
2 10 

















40 mm •' 
[NajC 
(b)0.08 mol dm 
IxlO"* mol dm^ 
RL 
2 20 












































6 mm. ' 












































































































"* mol dm"' 





































lb) 0.08 mol dm 


















0 0620 mm ^  
N T f k 
] 
TL) 



















0 0700 mm ' 
Temp = 45 C 
[oTdJo = 0 06 mol dm • 
[H*] (a) 0 10 mol dm , (b) 0 08 mol dm 
INajCrjOT] = 2x10'' mol dm"^ 
TABLE 28 


















































nol dm ^ 










































































0 mm ' 
mol dm"^  
2x10''m 






















0 mm ' 





































































0 0295 mm ' 










0 9 0 
0 70 











4 0 4 
3 95 
3 8 4 
3 69 
3 60 












0 5 0 
0 041 
* mol dm"* 
4-*^ log R t 







3 8 4 
3 69 








0 9 0 
0 75 











0 0450 mm ^ 
(b) 0 10 mol dm 





1 2 0 
-
0 80 
0 6 0 








3 9 0 
3 78 
3 69 


















4 0 4 , 




0 0580 mm ^  
Temp = 45 C 
[oTd]o = 0 08 mol dm" 
[H*] (a) 0 20 mol dm"^, (b) 010 mol dm ^ 
[Na2Cr207] = 2x10^ mol dm"^  
TABLE 30 














































08 mol dm 




















4 0 4 
3 9 0 
3 8 4 
3 60 
)0 mm 









0 6 0 






4 0 8 



























4 0 6 
















0 5 0 













3 8 4 
3 69 
3 6 0 
0 mm ' 


































































(a) 0.20 mol dm 



















»0 mm ^ 
0 






































0 0700 mm ' 
(b) 010 mol dm 









































0 0960 mm ' 
Temp = 45 °C 
[oTdlo = 0 10 mol dm' 
[H*] (a) 0 20 mol dm"^, (b) 0 10 mol dm' 
[Na2Cr2O7] = 2x10^moldm^ 
TABLE 32 
































0 0057 mm '^ 

















0 0063 mm ' ' 

















0 0720 mm ' 















0 0086 mm ' 
Temp = 35 °C [H"l = 0 08 mol dm" [oTd]o = 0 04 mol dm ^ [Na2Cr207] = 2x10 mol dm-
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TABLE 33 





























0 0063 mm '' 















0 65 [ 3 81 
0 0072 mm '' 















0 0082 mm ' 















0 0100 mm ' ' 
1 
Temp = 35°C, [H*] = 0 10 mol dm' [oTdJo = 0 04 mol dm \ [NazCrzO?] = 2x10^ mol dm • 
TABLE 34 


























0 0850 mm "' 















0 0090 mm '^  















0 0100 mm ^ 















0 0136 mm ' ' 
Temp = 35°C [H*] = 0 10 mol dm ^ [oTdlo = 0 06 mol dm^ [NajCrzOT] = 2x10^ mol dm" 
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TABLE 35 





























0.0080 min. '^ 
















































0.0100 min. ' 
Temp = 35 °C, [H*] = 0.08 mol dm"' (oTd]o = 0.06 mol dm"^, [Na2Cr207] = 2x10"^ mol dm"' 
TABLE 36 





























0,0090 min. ' ' 

















0 0095 min ' ' 
















0.0120 min. •' 















0.0146 min. "' 
Temp = 35 °C, [H*] = 0.20 mol dm•^ [oTd]o = 0.06 mol dm"*. [NazCrjOT] = 2x10"^ mol dm" 
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TABLE 37 



















1 0 0 
0 85 
4+log R t 
-
4 3 6 
4 26 
4 14 
4 0 8 
4 0 0 
3 93 
0 0092 mm " ' 






2 0 0 
0 85 
0 70 





4 0 0 
3 93 
3 8 4 
0 0100 mm "' 
0.0020 mol dm"* 
R t 
-





0 6 0 
4*log R t 
-
4 3 0 
4 13 
4 0 4 
3 93 
3 8 4 
3.77 
0 0149 mm "^  
0 0009 mol dm"^ 
R t 










4 09 1 
i • • H 
4 0 0 
3 8 4 
3 81 
0 0160 mm ''' 
Temp = 35°C [NT = 0 25 mol dm' [oTd]o = 0 06 mol dm ^ [Na2Cr207] = 2x10"* mol dm' 
TABLE 38 






















4 3 4 
4 23 
4 1 3 
3 98 
3 9 0 
3 77 
0 0076 mm "^  















0 0082 mm "'' 
0.0020 mol d m ' ' 
R t 






4+log R t 
4 3 3 
4.20 
4 14 
4 0 8 
3 9 0 
3 80 
0 0090 mm '^  








4+log R t 
4 32 
4 13 
4 0 8 
4 0 0 
3 8 4 
3 77 
0 1160 mm ' 
Temp = 35 "C, [H*] = 0 08 mol dm'^ [oTd]o = 0 08 md dm'^ , [^ 4a^ Cr207I = 2x10"* mol dm" 
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TABLE 39 













































mm ' ' 













0 70 I 3 84 
0 0100 mm ' 
















0 0140 mm ' 
Temp = 35 °C [H"] = 0 10 mol dm" [oTd]o = 0 08 mol d m ' [NazCrzO?] = 2x10"" mol dm • 
TABLE 40 



























1 \ . 
'kiH 1 0 0116 mm ' ' 















0 0126 mm ' ' 















0 0140 mm ^ 















0 0186 mm ' 
Temp = 35 °C [H*] = 0 20 mol dm' [oTd]o = 0 08 mol dm ^ [NazCrzO?) = 2x10"* mol dm ' 
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TABLE 41 




















































































Temp = 35 °C, [H*] = 0.10moldm•^ [oTdJo = 0.10 mol dm"^ [Na2Cr207l = 2x10"^moldm"' 
TABLE 42 





























0.0126 min. "•' 

















0.0180 min. ' ' 
































Temp = 35°C. [H*] = 0.30 mol dm'^ [oTd]o = 0.10 mol dm"^ [Na2Cr207l = 2x10^ mol dm"" 
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TABLE 43 































0 0120 mm "' 















0 0160 mm ' ' 


















3 98 1 0 80 
390 
3 77 








3 77 1 
1 1 
1 
0 0230 mm ' 
Temp = 35°C [H'l = 0 20 mol dm ^ [oTd]o = 0 10 mol d m ^ [Na2Cr207] = 2x10^ mol dm^ 
TABLE 44 




































0 0097 mm ' 



















0 0100 mm ' 



















0 0116 mm ' 

















0 0178 mm ' 
Temp = 40 °C [H*] = 0 08 mol dm' [oTd]o = 0 04 moi dm ^ [NajCrzOTl = 2x10^ mol dm ' 
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TABLE 45 













• • ' — 











4 3 6 
4 3 4 
4 23 
4 13 
4 0 4 
3 93 
3 8 4 
3 77 
0 0110 mm ' 
0 0060 mol dm ' 
R t 
2 20 







i 4+log Rt 
4 3 4 
4 3 0 
4 16 
4 0 6 
3 97 
3 8 4 
3 77 
3 69 
0 0116min ^ 
0.0020 mol d m ' ' 
R t 4+log R t 






0 5 0 
4 28 
4 0 9 




0 0128 mm ' 







0 5 0 








0 0149 mm ' ' 
Temp = 40°C, [H*] = 0 10 mol dm^ [oTd]o = 0 04 mol dm"^, [Na2Cr207] = 2x10^ mol dm' 
TABLE 46 





























3 8 4 
3 77 
3 69 
0 0092 mm ' 
0.0060 mol dm" ' 
R t 





0 6 0 
0 5 0 








0 0100 mm ' ' 







0 5 0 
4+log R t 
4 28 
4 13 




0 0126 mm ' 








4+log R t 
4 25 
4 07 




0 0138 mm "' 
Temp = 40°C [HI*] = 008 mol dm^ [oTdJo = 0 06 mol dm ', [Na2Cr207] = 2x10"^  mol dm' 
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TABLE 47 













































mo( dm ' 
4+log Rt 
4 3 6 
4 20 
4 0 6 
3 93 










0 6 0 
0 5 0 
0 45 
0 016 
4-t-log R t 
4 3 3 
4 13 
4 0 0 




0 mm ' 















0 0230 mm ' 
Temp = 40°C [H*l = 0 10 mol dm' [oTd]o = 0 06 mol dm ^ [Na2Cr207] = 2x10"* mol dm • 
TABLE 48 





























4 0 6 
3 97 
3 81 
0 0138 mm "'' 



















0 0149 mm '^  









0 5 0 




4 1 1 
4 07 
3 93 
3 8 4 
3 69 
0 0180 mm '^  













4 1 7 
4 07 




0 0195 mm "'' 
Temp = 40°C [H*] = 020 mol d m ' [oTdJo = 0 06 mol d m ' INa2Cr207) = 2x10^ mol dm' 
333 
TABLE 49 



































0 0149 mm ' ' 





















0 0160 mm "^  



















0 0200 mm "^  

















0 0270 mm ' 
Temp = 40°C [H^ = 0 25 mol dm ^ (oTd]o = 0 06 mol d m ' [NajCrzO?] * 2x10^ mol dm"^ 
TABLE 50 
































0 0110mm "' 



















0 0120 mm "' 



















0 0130 mm ' 















0 0170 mm ' 
Temp = 40°C, [H*] = 0 08 mol dm' , [oTd]o = 0 08 mol dm"', fNajGrjO?] = 2x10"^ mol dm' 
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TABLE 51 




































0 mm ' ' 



















0 0140 mm ''' 



















0 0175 mm "^  

















0 0240 mm "^  
Temp = 40°C, (H'] = 0 10 mol dm" [oTd]o = 0 08 mol dm ^ [Na2Cr207] = 2x10^ mol dm' 
TABLE 52 
































0 0160 mm "' 

















0 0190 mm "' 

















0 0225 min "' 















0 0315 min "' 
Temp = 40 °C [H*] = 0 20 mol dm' (oTd]o = 0 08 mol dm"^, [NajCrzOy] = 2x10"^ mol dm"' 
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TABLE 53 
































0 0110 mm ' 



















0 0138 mm ' ' 



















0 0149 mm ' 

















0 0230 mm ' 
Temp = 40°C [H"] = 0 10 mol dm [oTd]o = 0 10 mol dm ^ [Na2C207] = 2x10"^ mol dm ' 
TABLE 54 
































0 0173 mm "' 



















0 0230 mm •' 



















0 0320 mm "'' 
Temp = 40°C, [ H T = 0 20 mol dm ^ [oTd]o = 0 10 moldm"^ [Na2Cr2O7] = 2x10^ mol dm"" 
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TABLE 55 































0 0250 mm '' 



















0 0290 mm ' ' 



















0 0460 mm ' 

















0 0510 mm ' 
Temp = 40 °C [H'] = 0 30 mol dm ' [oTd]o = 0 10 mol dm ^  [Na2Cr207l = 2x10"^ mol dm ^ 
TABLE 56 


























0 90 3 95 
0 80 - 3 90 
0 70 384 
0 0104imm' 

















0 0117 mm ^ 

















0 0149 mm '' 















0 0160 mm ' 
Temp = 45 °C [H*] = 0 08 mol dm ' [oTd]o = 0 04 mol dm"' [Na2Cr2O7l = 2x10'^moldm' 
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TABLE 57 


















































































Temp = 45°C, [H*] = 0.10 mol dm"^ [oTd]o = 0.04 mol dm"^ [Na2Cr207] = 2x10"^ mol dm" 
TABLE 58 


















































































Temp = 45 °C, [H*] = 0.08 mol dm"', [oTdlo = 0.06 mol dm"" [Na2Cr207l = 2x10"^ mol dm"' 
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TABLE 59 
































0 0185 mm ^ 

















0 0200 mm ' 

















0 0280 mm ' 















0 0340 mm ' 
Temp = 45°C, [H^] = 0 10 mol dm' (oTd]o = 0 06 mol dm•^ [NazCrzOy] = 2x10^ mol dm' 
TABLE 60 































kiH j 0 0180 mm 



















0 0200 mm ' 

















0 0220 mm ' 
• 

















0 0250 mm ' 
Temp = 45°C [H^] = 0 10 mol dm" [oTd]o = 0 10 mol dm" [NazCrjOT] = 2x10"^ mol dm ^ 
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TABLE 61 

































































































Temp = 45°C, [H*] = 0,10 mol dm"- [oTd]o = 0.10 mol dm"^ [Na2Cr207] = 2x10^ mol dm"" 
TABLE 62 




































































0.0350 min, ' 
Temp = 45 "C, [H*] = 0,20 mol dm"^ [oTd]o = 0,08 mol dm"^ [Na2Cr207] = 2x10^ mol dm"" 
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TABLE 63 





0.0100 mo ldm" * 
R t 
2 00 













0 5 0 
0 40 






4 0 8 
3 98 
3 69 
3 6 0 
0 0250 mm" ' 








0 6 0 
0 40 




4 0 4 
-
3 9 8 
3 78 
3 60 
0 0320 min ' 













4 0 0 
3 9 0 
3.84 
3 6 0 
0 0400 min.'^ 





2 0 0 
0 75 
0 50 
4+log R t 
4 23 1 
4 1 1 ' 
4 08 
4 0 0 
3 87 
3 69 
0 0450 mm ' 
Temp = 45°C, [H*] = 0 20 mol dm ^ [oTd]o = 0 10 mol dm"^ [Na2Cr207] = axlO'* mol dm"' 
TABLE 64 














1 • • • 











4+log R t 
4 3 6 





4 0 4 
3 8 4 
3 69 
0 0210 m m ' ' 
0.0060 mol dm" ' 
R t 







0 6 0 
0 40 
4+log R t 
4 3 0 
4 28 
-
4 2 1 
-
4 0 8 
3 93 
3 78 
3 6 0 
0 0280 mm" ' 








0 6 0 
0 40 
4+log R t 
4 26 
4 23 
4 1 3 
4 0 4 
-
3 9 8 
3 78 
3 6 0 
0 0320 mm ' 













1 3 95 
-
3 8 4 
3 60 
0 0380 mm ' 
Temp = 45 "C, [H*] = 0 20 mol dm' , [oTd]o = 0 06 mol dm"', [NazGrjO?] = 2x10 mol dm" 
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TABLE 65 















0.0100 mol dm"' 
Rt 4+log Rt 
2 00 4 30 














0 0270 mm ' 
0.0060 mol d m ' 
















0 0370 mm ' 










0.0009 mol dm"' 
Rt 4+log Rt 
2 10 
4 23 1 1 80 
















0 0690 mm ' 
1 
Temp = 45 °C [H*] = 0 25 mol dm ' [oTdJo = 0 06 mol d m ' [NazCrjO?] = 2x10""* mol dm • 
TABLE 66 



































0 0165 mm ^ 





















0 0180 mm ' 



















0 0210 mm ^ 

















0 0260 mm ' 
Temp = 45 °C [H*] = 0 08 mol dm ' [oTd]o = 0 08 mol dm' , [Na2Cr207] = 2x10"^ mol dm' 
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0 0215 mm ' 

















0 0235 mm ^ 















0 0275 mm ' 















0 0365 mm ^ 
Temp = 45°C [H'] = 0 10 mol dm' [oTdJo = 0 08 mol dm ' [NajCrjOT] = 2x10"* mol dm ' 
TABLE 68 
EFFECT OF THE CONCENTRATION OF TWEEN-20 ON THE OBSERVED RATE CONSTANT ("k) 
[Tween-20] 0.00850 mol dm"* 0.00450 mol dm~ 0.00090 mol dm** 0.00010 mol dm"* 0.00009 mol dm' 










20 230 436 2 10 4 32 200 4 30 
40 230 436 2 20 434 200 430 190 4 28 1 80 4 20 
60 2 20 4 32 200 430 180 4 25 160 4 20 1 40 4 14 
80 1 90 4 28 1 80 4 25 1 40 4 14 125 409 1 15 406 
100 1 65 4 22 1 20 408 100 400 090 3 95 
120 1 65 4 22 1 40 4 14 1 10 404 0 85 3 93 0 75 3 87 
160 1 40 4 14 1 15 406 0 85 3 93 0 75 3 87 0 60 3 77 
200 1 20 4 08 0 95 3 98 0 70 384 060 3 77 0 40 3 60 
40 
"k 
1 10 404 0 80 3 90 0 60 3 77 0 40 3 60 
0 0040 mm ' 0 0050 mm 0 0063 mm ' 0 0077 mm ' 0 0090 mm ' 
Temp = 35 °C [H*] = 0 08 mol dm \ [oTdlo = 0 04 mol dm " [Na2Cr207) = 2x10^ mol dm • 
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0 0€)50 mm ' 






















0 0070 mm ' 






















0 0078 mm ' 






















0 0095 mm "^  


















0 0120 mm ' 
Temp = 35 °C [H*] = 0 10 mol dm ^  [oTd]o = 0 04 mol dm ' [Na2Cr207] = 2x10"' mol dm • 
TABLE 70 














Temp = 35 
























0 0046 mm ^ 
°C, [H T = 0 08 r 




















































0 0080 mm ' 
= 0 06 mo 1 dm"^ 






















0 0090 mm '^  
[NazC UiOj] = 2> 






















0 0110 mm ' 
clO"* mol dm'' 
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0 0075 mm ' ! 0 0090 mm ' 
1 


























0 0100 mm ' 
























0 0120 mm ' 




















0 0160 mm ' | 
Temp = 35 °C [H*] = 0 10 mol dm ^ [oTd]o = 0 06 mol dm ' [NazCrjO?] = 2x10"* mol dm" 
TABLE 72 










































0 0050 mm ^ 
'C [H H+] = 0 08 


















































0 0090 mm ^ 
= 0 08mc )ldm'* 






















0 0100 mm' ' 
[Na2( :r207] = 2 




















0 0120 mm ' 
xlO"* mol dm* 
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TABLE 73 







































0 0080 mm ' 


























0 0100 mm ' 


























0 0110 mm ' 
Rt 1 4+log 
















0 0135 mm ' 
0.00009 mol dm 












4 28 1 
4 1 ? ' 





0 0172 mm ' 
4 
Temp = 35 °C [H*] = 0 10 mol d m ' [oTdJo = 0 08 mol dm' [NazCrzO?] = 2x10^ mol dm ' 
TABLE 74 














Temp = 4 
























0 0063 mm ' 
0°C, (1-0 = 008 




















































0 0092 mm ' 
= 0 04m< )l dm•^ 






















0 0100 mm ^ 
[NazC :r207] = 2 




















0 0120 mm ^ 
xlO^mol d m ' 
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TABLE 75 






































0 0080 mm '^ 













































0 0115 mm"' 










































0.0130 mm.'' j 0 0145 m m ' 
Temp = 40 °C, [H*] = 0 10 mol dm"^ [oTd]o = 0 04 mol dm" [NajCrzOT] = 2x10"* mol dm'^ 
TABLE 76 














Temp = 4 



























Hi = 0 08 
















































0 0110 mm ' 
= 0 06mc )l dm"', 





















:r207] = 2 
















0 0149 mm ' 
KIO^ mol dm"' 
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TABLE 77 









































0 0110 mm."' 




















0 0138 min"'' 





































4 14 1 1 25 




















0 0210 mm."'' 
Temp = 40 °C, [H*] = 0.10 mol dm"^ , [oTd]o = 0 06 mol dm"- [Na2Cr207l = 2x10""* mol dm"' 
TABLE 78 
































































































































Temp = 40 °C, [H*] = 0.08 mol dm"^  [oTd]o = 0.08 mol dm"*, [Na2Cr207] = 2x10"^ mol dm 
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TABLE 79 

































































0 0160 mm ^ 






















0 0190 mm ' 






















0 0215 m m ' 




















0 0250 mm ' 
Temp = 40 °C [H*] = 0 10 mol dm ^  (oTd]o = 0 08 mol dm"" [Na2Cr207] = 2x10^ mol dm • 
TABLE 80 
EFFECT OF THE CONCENTRATION OF TWEEN-20 ON THE OBSERVED RATE CONSTANT ("k) 
[Tween-20] 0.00850 mol dm' 0 00450 mol dm"* 0.00090 mol dm"^  0.00010 mol dm' 0 00009 mol dm 










10 2 30 436 2 20 434 200 4 30 200 430 1 95 4 29 
20 2 15 4 33 2 10 4 32 1 95 4 29 1 95 4 29 1 85 4 26 
40 2 05 4 31 200 400 1 70 4 23 1 50 4 17 1 40 4 14 
60 1 80 4 25 1 60 4 20 1 25 4 09 1 15 406 1 05 4 02 
80 1 60 4 20 1 40 4 14 0 95 3 98 090 3 95 0 80 3 90 




1 20 408 1 05 4 02 060 3 78 055 3 74 
100 400 0 90 3 95 050 3 69 0 40 360 
0 95 3 98 0 80 390 0 40 3 60 
0 0075 mm 0 0085 mm '^  0 0110 mm ' 0 0128 mm ' 
0 50 3 69 
0 0138 mm ' 
Temp = 45 "C [H'] = 0 08 mol dm [oTd]o = 0 04 moi dm [Na2Cr207] = 2x10^ mol dm • 
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TABLE 81 



































0 0103 mm ^ 






















0 0130 mm ' 




























































0 0178 mm ' 
Temp = 45 "C, [H*] = 010 mol dm \ [oTdJo = 0 04 mol dm ^  [NaaCrzO?] = 2x10^ mol dm ^ 
TABLE 82 






































mm '^  1 
































































































Temp = 45°C, [H*] = 0 08 mol dm ^ [oTd]o = 0 06 mol dm ^ [Na2Cr207] = 2x10"* mol dm 
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TABLE 83 




































0 0120 mm ' 






















0 0195 mm ' 
























0 0210 mm ' 










































0 025 mm ' 
Temp = 45 °C, [H*] = 0 10 mol dm \ [oTdJo = 0 06 mol dm ' [Na2Cr207] = 2x10^* mol dm ' 
TABLE 84 






































































mm "^  



















































mm "^  
























Temp = 45°C. [H*] = 0 08 mol dm"^ [oTdJo = 0 08 mol dm"^ [Na2Cr207] = ZxlO'* moldm" 
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TABLE 85 



































0 0105 mm "^  




















0 0230 mm ' 


















0 0250 mm ' 


















0 0270 mm ' 
















0 0290 mm ' 
Temp = 45 "C, [H*] = 0 10 mol dm^ [oTd]o = 0 08 mol dm ^ [NazCrzO?] = 2x10"^ mol dm' 
B. RESULT AND DISCUSSION 
352 
Kinetics and IWechanlsm of Oxidation of o-Toluidine 
A. Kinetics of oxidation of o-Toluidine in the Absence of 
Surfactant 
The kinetics of oxidation of o-Toluidmes shows significant 
differences as compared to oxidation of p-Toluidine in the absence 
of any surfactant In case of p-Toluidine it was observed that the 
colored product, identified as azo derivative was a stable end 
product of a minor route involved in the mechanism In case of o-
Toluidine this route appears to be minor but results in formation of 
less stable colored product which decomposes steadily It may be 
observed that the absorbance at 640 nm at which the reaction was 
followed, passes through a maxima indicating that formation of 
colored product follows a consecutive reaction mechanism 
Preliminary investigations indicated that the formation of colored 
product does not correspond to the reduction of total Cr (VI) If 
observed rate constant determined by titration readings °k is used to 
represent the rate constant for the formation of colored product than 
Bmax which IS a measure of maximum absorbance shows different 
pattern (i e time of appearance of the maxima and variation in 
maximum absorbance) from the observed one It is therefore, 
indicated that Cr (VI) is being reduced by two different routes and 
only part of it is involved in the formation of colored product 
353 
Furthermore, dependence of °k (pseudo first order rate constant 
determined by titer values at time t) on [H*] and [oTd] gives a 
complexed rate law consisting of four terms. An attempt has been 
made to identify which of these four routes are involved in producing 
the colored product and which ones are involved in the formation of 
uncolored product. This has been done In following manner-
It is observed that at very low [oTd]o the oxidation rate 
decreases with increasing [H*]. However, at moderate and high 
[oTd]o the trend is reversed. This and other kinetic features of the 
reaction are satisfied by the following proposed mechanism: 
oTd + Ox ^ - ^ C + H* (1) 
C "^ > Pc (2) 
C - ^ 2 ^ P (3) 
C + H* ' (4) 
oTd'/oTd 
oTd+ OxH '-^ > P' (5) 
oTd*/oTd 
In the above mechanism, the oxidant-substrate complex, C 
formed in step 1 breaks down by four different routes. At low [oTd]o 
it is assumed that only the first route is significant. The total Cr (IV) 
354 
is largely present in the form of three major species [Ox], [Ox ] and 
[cj from the following mass-balanced equation the [c] and [Ox] may 
be obtamed m terms of [Cr (Vl)]t as given below 
[Ox], = [Ox] + [Ox-] + [c] 
KjoTd] KjoTd] ^ ^  
^ [H1+K,+Ko[oTd] 
Ko[oTd] [c] 
[ c l = -Ko[oTd]o[Ox], [H^] + K,+Ko[oTd] 
= Ko[oTd]o[Ox],/[H^] + K,+Ko[oTd] + (UK[H^]) + Ko[oTd], 
= Ko [oTd]o [Ox], / Ki + (1 + KKi) [H*] + Ko [oTd]o 
= [oTd]o [Ox], / K1/K0 + (I+KK1) / Ko [H*] + [oTd]o 
= [oTd]o [Ox], / p + p' [H*] + [oTd]o 
where, 
p = Ki /Ko and p' = (1+ KK,) / Ko [H*] 
a At low [oTd]o ' 
The oxidation rate may be expressed as 
-d[Ox], 
dt = K[C] 
- k,JoTd]JOx], 
p + p'fH J^ + [oTdI, 
355 
Giving the pseudo first order rate constant, k as 
In Ro/Rt = "kt 
where °k = knloTd], 
p + p'[H*] + [oTd], (6) 
The equation (6) may be arranged as, 
(^  o i . ^ 
[oTd] 
P^[oTd]„ ^ p'[H-] 
VL^'^Jo J 







k^ s - p ' / k „ (9) 
Equation (7) has been verified from the plots of L H S i e 
(°k/[oTd]o)"^ Vs [H*] which are found to be linear as shown in Fig (1-
2) From these plots, intercept, kLi and the slope, kLs have been 
determined at different temperatures and [oTd]o In view of the fact 
that the reaction becomes very slow at low [oTdJo the reaction has 
been studied only at two different concentrations of o-Toluidine 
356 
Secondly, the plots of Intercepts RLI VS [oTdJo In Fig. (3) have been 
used to evaluate the values of kn and p and putting the values of 
k i i in equation (9), the values of p' have been obtained at different 
temperatures and these values have been presented in Table-1A, 
b. At moderate and high concentration of o-Toluidine 
At [oTd] above 0.06 mol dm"^, the oxidation rate shows a 
complex dependence on [H*] and [oTd]o. It appears that in the 
concentration range 0.06 mol dm"^ and above all the four routes as 
proposed in the mechanism come into play. The overall oxidation 
rate may be expressed as: 
^ ^ ^ = k,[C]4-k34H^Jc]+k,,[C][oTd^J+k,3[oTdL[oTd],[OxH] 
The first term represents the minor reaction path by which the 
colored product is formed at different [H*] and [oTdJo. The second 
term is hydrogen ion catalyzed and leads to the formation of other 
product. It appears that the complex, C may form an intermediate 
with protonated o-Toluidine, {oTd*] or the unprotonated o-Toluidine, 
[oTd], which breaks down in route 3 to give the uncolored product. 
[oTd]i in the third and fourth term represents that both protonated 
and unprotonated, o-Toluidine may be involved in similar steps. The 
fourth term represents the oxidation of o-Toluidine by OXH i.e. 
357 
H3Cr04* which may be involved as minor oxidizing species in the 
reaction. This may be preceded by a complex formation of HaCrO* 
with [oTd]i i.e. protonated or unprotonated species of o-Toluidine. 
In the above equation we put the value of C on the assumption that 
overall mass balanced equation for Cr(VI) is not altered although the 
presence of other complexes as reaction intermediate cannot be 
ruled out. The overall rate law may be obtained in the following 
manner; 
^ ^ ^ ^ = k„[C] + k'2,[C][H^]+k'22[C][H*][oTd*l +k"23[oTd] [oTd],[OxH] 
= {kii+k2i[H*]+k22[oTd*]i [H l [c ]+k"23 [oTd] . [oTd], . [OxH] 
p + p[H ] + [oTd]„ 1 + K[H ] 
V + p'[H-] + [oTdl. {|H-]+K,+K„(oTdl)(1 + K[H-
P + p'|H-l + [oTdl. (l + K|H-)|H-)+K,)+K.loTdl, 
P + p'(H-l*[oTdl. K, ^ (UKK,)r T 
^^0 ^^0 
[H*]-[oTd], 
[kn[oTd]„+k,JoTd]JH-] + k„[H-]noTd]„+k'„[oTd]/[H-][Ox], 
p + p[H*] + [oTd]„ 
358 
Where k'23 = k"23 K3 
From the above equation the observed pseudo first order rate 







Where kc represents, 
k„[oTd], k =.—jni i : i iz i ° and 
p + p'[H*] + [oTd], 
D = p + p' [H*] + [oTd]o 
The values of kc at different [H*], [oTd], and temperatures 
have been evaluated using the values of p, p' and kn from Table-
1A. Also D has been calculated using values of p and p' from the 
table under different conditions. 
Equation (10) may be further arranged as, 
(°k-kc) D = k2i [oTd]o [Hl+k22[H*] ' [oTd]o+k23 [H] ' [oTd]o' 
or 
(°k-k j3 
[H*l[oTdl, k,,+k,JH*] + k,3[H*][oTd], 
359 
= k2i + (k22+k23 [oTd]o) [H*] 
= k, + ks [H*] (11) 
Equation (11) has been tested at different temperatures by 
(°k-k b 
using a plot of L H S i e 1 _ _ - ^ versus [H*]„ which is found to be 
[H JloTdJo 
linear at different [oTdJo as shown in Fig (4,5,6) It may be 
observed that these plots give same intercepts at different 
concentrations of o-Toiuidme Intercept of these plots give the 
value of k2i The slopes of these plots ks have been tested for their 
dependence on [oTd]o It is observed that the plot of ks verses 
[oTd]o m Fig (7) are linear giving a positive intercept from which the 
values of k22 have been obtained whereas slopes of these plot give 
the values of k23 All kinetic parameters have been evaluated at 
different temperatures and are presented in Table- IA along with 
their activation parameters in Table 2A 
The kinetics of oxidation of o-Toluidme has been followed by 
absorbance measurement at 640 nm with time As has been 
mentioned earlier the absorbance shows appearance of a maxima at 
different time under different experimental conditions indicating, 
thereby, that the colored product is formed in a consecutive 
reaction In order to investigate kinetic features of this process 
quantitatively the observed rate constant (°kc or "kn), may be used 
3 6 0 
as rate constant of the process leading to the fornnation of colored 
product On the basis of this assumption it is observed that the 
values of Bx, representing by maximum concentration of the 
intermediate does not match with the calculated values and also the 
dependence of Bx on other factors does not follow the pattern 
obtained by such calculations. The overall consecutive reaction in 
pseudo first order condition may be described as follows 
a) A+ -^^^ Be -^^-y C 
b) A+ ^ ^ - > D 
In the above scheme A represents the oxidant and Be is the 
colored intermediate It is also shown that the oxidation is being 
reduced by two different steps and only one of which leads to the 
formation of the colored intermediate 
The rate expression from the above scheme may be obtained 
as 
- ^ . ( k , + k 3 ) [ A ] = ° k [ A ] 
dt 
[A] = [A]oe-°"=[A],e-'= 
di 
where krf = ki 
361 
^[BJ+^=k,(Al.e -
Multiplying the above equation by e"'' 
dt 
or * l ^ = k J A U l > . - - ' ^ dt '^ ^° 
or [B]e^^' = - '^^e^^'-°^' '+const 
k, - " k 
[B]e'^' = 
k,-°k Oi, L 
(k,-»k)t 
-1] 
K -> ~ K 
[B] - K l [ A ] o 
K2 - 1 
e-'^-e 
v j B J (12A) 
where K2 = ka/^k, KI = kc^k and b = °kt 
In order to get the maximum value of B the above may be 
differentiated w.r.t time and set equal to zero 
B = K, Ag 
Kj - 1 
g -°K,_g-K/k . 
^ 
dB K,A 2 " 0 
dt K2 - 1 ^  
-°ke-°^' + k,e-^^" '^ 
'] = 0 
362 
' k e " ^'-"=^26'"' "">•• 
g '•'m.. _ 1^  6 ' " ' *"'"»• 
wj« 
e°'""-'"-=K2 
tmax ° k ( K j - l ) = lnKj 
1 
( K 2 - I ; 
1 , 
^max=7 W^^2 (12) 
{^2-V 
and the value of Bi may be obtained as: 
Bi = —i-[e-'--e-''^^"-'l (13) 
K2 - 1 -• 
For [Ao] = 1 and KI = 1 , B , may be written as 
From equation 12A. 
= —1—fe-^'- '-e-' ' '"- ' ] (13A) 
K , - 1 "• 
Bx 
"'2 
If equation (12) for imax is compared with the simple 
consecutive reaction there is no change. However the value of Bi is 
found to be different due to presence of KI (i.e. H ^ _^^ or y ) in 
the numerator which takes into account that only a fraction of 
363 
oxidant is involved in this route In order to get the value of B,, the 
values of °k (the observed rate constant) and time of appearance of 
maxima (tmax) have been used to calculate tmax 
Using equation (13) for simple consecutive reaction a 
theoretical plot between imax and Bx was obtained And similarly a 
plot between xmax and K2 was also done These plots were used to 
read the values of K2 and Bx at a particular value of tmax (=tmax °k) 
and are presented in Tables 1-12 From the values of Bx, the values 
of Be IS obtained by multiplying by a factor y( where kc represents 
the values of the rate constant associated with the process leading 
to formation of the colored product. In the present case, the first 
term appearing in equation (10) is used kc 
k =k,JoTdl/ 
/ p + P'[H*][oTd], 
under different conditions of [H*], [oTd]o and temperatures. It 
has been noted that if the rate constants involved in second, third 
and fourth terms of equation (10) are used for calculating Be 
individually or in combination of one another they give 
unsatisfactory values of Be. The unsatisfactory values signify that 
the variation in Be with [H*] or temperature is m one direction (say 
increases) then the observed values are m opposite direction (i e 
3 6 4 
decreases) Therefore the value of k2i k22 and k23 have not been 
used as a measure of formation of colored product After obtammg 
the values of Be an attempt has been made to relate the values of Be 
with observed maximum absorbance (Amax) (t was expected that 
multiplying Be by a fixed number signifying molar absorption 
coefficient should give the value of maximum absorbance This was 
not found to be applicable in this case It is empirically found that 
the value of Bi and maximum absorbance fit into the following 
equation, 
Amax = Be X 1 16x10^ X [oTd]o (14) 
It IS not possible to give a complete description of the 
relationship between Be and absorbance This may however, be due 
to complex formation between Be and Toluidine The values of Amax 
calculated by using equation (14) is presented m column (10) m 
Tables 1-12, which compare well with the observed values shown in 
column (11) Plots of Absorbance (observed) vs Time are given in 
Fig A (1-16) 
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k j , 






0 13 min 
0 30 min''' moT^ dm"' 
3.50 min"' mol'^ dm* 




0 14 min 
0 60 mm"' m o l ' dm^ 
5.00 min"' mol"^ dm* 




0 16 min 
2 22 m m ' mol"' dm^ 
6.50 min"' mol"^ dm* 
600 min"' mol dm" ' 
0.46 
6.4 
k,i is reciprocal of slope of plot between KLI versus [oTd]o, (figure 3] 
(°k-k )D 
k2i IS intercept slope of plots between — versus [H*], (figure 4,5,6) 
[H*][oTd]„ 
k22 is intercept of plot between k, versus [oTd]o, (figure 7) 
k23 is slope of plot between k, versus [oTd)o, (figure 7) 
p from equation 8 
p' from equation 9 
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TABLE 2A 
KINETIC DATA FOR THE OXIDATION OF o-TOLUIDINE BY SODIUM 





k j 2 























Nature of rate 
constant 
1 
c — ^ — * p 
H* 
C+H" 'a >p 
oTd7oTd 
OTd + OxH—^-^^—^p 
oTd/oTd 
Thermodynamic parameters were determmed in absence of surfactant in HNO3 
medium at 308 K 
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TABLE 1 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 






























































1 6 0 
182 
4 0 3 
6 40 































Temp = 35 °C [oTd]o = 0 02 mol dm' [Na2Cr207] = 2x10^ mol dm"^  [Surfactant] = Nil 
TABLE 2 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 















T » u 
(4) 
0 9 0 


































0 9 6 
0 75 








Temp = 35°C, [oTd]o = 0 08 mol dm ^  [ Na2Cr207l = 2x10"^  mol dm^ [Surfactant ] = ml 
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TABLE 3 









0 30 1 
























0 75 j 



























































Temp = 35°C, [oTd]o = 0 06 mol dm ^ [NajCrjO?] = 2x10"^ mol dm"^ [Surfactant) = ml 
TABLE 4 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[H-] 










































































Temp = 35°C, [oTd]o = 0 10 mol dm ^ [Na2Cr207] = 2x10"^ mol dm"^ [Surfactant ] = ml 
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TABLE 5 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 






























































































0 21 1 
Temp = 40°C, [oTdJo = 0 02 mol dm"^, [NajCrjO?] = 2x10"^ mol dm"^, [Surfactant ] = ml 
TABLE 6 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 






















































































Temp = 40°C [oTd]o = 0 06 mol dm ^ [NajCrjO?] = 2x10^ mol dm"^, [Surfactant ] = ml 
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TABLE 7 
COMPARISON OF CALCUUVTED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
1 f " * 5 . 









































































Temp = 40°C, [oTd] o = 0 08 mol dm ^ [Na2Cr207l = 2x10^ mol dm~ ,^ [Surfactant ] = ml 
TABLE 8 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 









































































Temp = 40°C [oTd]o = 0 10 mol dm^ [Na^CrrOy] = 2x10"* mol dm^ [Surfactant ] = ml 
371 
TABLE NO 9 
































































































0 19 j 
Temp = 45°C, [oTd] o = 0 02 mol dm"^ [NajCrjO?] = 2x10^ mol dm"^ [Surfactant ] = ml 
TABLE 10 

































































































Temp = 45°C, [oTd] o = 0 06 mol dm'^ [NajCrrO?] = 2x10'' mol dm"'. [Surfactant ] = ml 
372 
TABLE 11 






















































































Temp = 45°C [oTd] „ = 0 08 mol dm ^ [Na2Crj07] = 2x10^ mol dm ' [Surfactant ] = ml 
TABLE NO 12 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 

























































































o o ^ 
o o — 
"J 
o ^ U 
i ^ 2 
. • M 
Op >1 
O , rJ 
CM 





















































































§ E 1  
?? -S " 
^ "3 O 
*- ./^  O 










c ^ " 
^ ,—, o 
« + '—' 
a '"^^ E S U -o 
o- 3-) "o 
< d.n 
•: F o 








' o <= . 
. S g | 
S5 '^'' ! -
^ E g 
2 T3 C 
•e i ^ • 
S c o 
SS ^ II 
C ^ t 3 
JJ «* H 
1?^ 
a. o o 
00 ^ 
^ II o 
< D . ^ 
•: n O 
so g ^ 






































































•^  E E 
- O "O 
o ^ -o 
y ^ II 
o 
E O 







( 4 1 O 
V 














£ >-^  





















O '^  
en T 3 
e« o 
(U C 






























































S | " 
c« "O I—n_ 
"rt "O O 
•s .^ u 
<u d Z 
H w , 
« - C 
> ".• -a 
(u E — 
g J I 
5 E o 
^ o d 
^ ^ S 
^ u -3 
2 ^ E 
< - - II o 
< cL"^ 
•: e "^^ 

















cA O O 
s 
_ '—^  ^ 
^ " E 
^ U -S 
























































































































































(B) KINETICS OF OXIDATION of o-Toluidine In the presence of 
CPC 
In presence of CPC the oxidation rate increases with the 
concentration of CPC at low [CPC] whereas at higher concentration 
the reaction is retarded. Since it is not possible to assign a fixed 
value of CMC under different experimental conditions, the role of 
micelles is not clear. It appears that the oxidant substrate complex 
(Cg) interacts with the detergent to form a new complex CD, which 
is an unreactive species, at the same time, the oxidant also 
interacts with the detergent producing a new oxidizing species 
OXD*, which interacts with Toluidine by a different route. It appears 
that at higher concentration of detergent the concentration of 
unreactive species CD dominates resulting in retardation of 
reaction, where as at low concentration of the detergent the 
presence of CD is marginal. With the above assumptions the 
following mechanism may be proposed which satisfies all the 
observed kinetic features. 
Ox + o l d ^ ^ ^ ^ Ce + H* (15) 
Ce + D* ^ - ^ ^ ^ CD (16) 
374 
Ox + D* ~t:> OxD* (17) 
[ C T I - ^ ^ - ^ (18) 
[oTd] + [OxD^] '^ "• > Pc (19) 
The of concentrations of reactive species Cg and OxD* may 
be obtained from the following mass balanced equation: 
[Ox], = [Ox] + [CD] + [OxD*] 
= [Ox].MDl.M2^.K4Dl[Ox] 
[H J 
[H ^ j H ^ ] + K.KJD^][oTd] + K3[H*][D^]Tj 
[Ox] - ^ MM 
|H*J+K,KJD^][oTd] + K3[H*][D*] 
[OxD^l - K3[D*][0x],[H^] 
[H*j+K,KJD*][oTd]+K3[HM[Dl 
re , _ 4^.Kja-^][oTd][Oxl 
lH*J+K.KJD*][oTd]+K3[H*][D^jJK^] 
KJoTd][Oxl 
• lH^J+K.KJD^][oTd] + K3[H^][D^]) 
In contrast to oxidation of o-Toluidine in the absence of 
surfactant, it is assumed that there are only two significant routes 
375 
involved in the presence of CPC. By first route, the complex C^ 
breaks down in the rate determining step to give the product (P) and 
in the second route, the major oxidation species is OXD*, interacts 
with o-Toluidine to give the colored product. The other major 
difference is the fact that in the rate determining step or steps 
preceding the rate determining step, no additional Toluidine is 
involved. This rules out the presence of route-3 and route-4 as 
proposed in the mechanism for the oxidation of o-Toluidine in 
absence of surfactant The rate expression from the mechanism 
proposed may be obtained as given below: 
rr = k3 [CT] [ H i + kg [OxD^ [oTd] 
K,k3[H1[oTd][Oxl, ^ k,K3[D*][H^][Ox],[oTd] 
lH*J+K.KJD1[oTd] + K3[H1[D1 (H^J+K. K JD1[oTd]+K3[H1[D*] 
K„k3[H1[oTd]JOx], 
[H^J(1 + K[H1) + {K,Ko(oTd],+K3[H1(1 + K[H1)}[D1 
k5K3[D1[H1[oTd]JOx], 
[H^J(UK[H1) + |K.KJoTd],+K3[H1(UK[H1)J[D1 
From the above equation, the observed rate constant *k 
may be defined as: 
. ^ _ Kok3[H1[oTd] ^ 
[H^J(1+K[H1) + ^.KJoTd]+K3[H1(1+K[H1)}D^ 
376 
'<5K3[D^]IH'][oTd]o 
[H*J(1 + K[H*]) + {K,KJoTd],+K3[H*](UK[H-]))D* 
At low [D*] the second term in the denominator is ignored and 
the observed rate constant k n is given as. 
*kTL = '^°'^^^°'^^J + ksk3[Hq{D-][oTd]e 
1+K[H^] [H^1 + K[H^]) 
= kLi + KLS [ D * ] (20) 
Equation (20) has been verified the plot of the observed rate 
constant at low detergent concentration, ^kru vs [D*J which are found 
to be linear as shov\/n in Fig. (8-18). The intercepts of these plots 
decrease with [H*] as predicted by equation (20) and the plots of 
*kTL vs [oTdJo are also linear passing through origin vide figure (19-
27) The plots of 1oTd], vs [H*] are found to be linear vide Fig 
(28-30) However, the slopes and intercepts of Fig (7-19) do not 
result in determining the kinetic parameters such as K3 Ko and other 
constants involved in the reaction mechanism. However, the values 
of K has been obtained from the ratio of Slope/intercept of Fig 
(28-30) at different temperatures and are given in table 3A. 
At high concentration of the detergent, the second term 
appearing in the denominator of the rate expression has been 




K.KJoTd],+K3fH^](1 + KfH*])[D^] K. KJoTd]„+K3[H*](UKfH*j) 








K.KJoTd]o+K3[H^](1 + K[H^]) 
Taking reciprocal of both sides of the above equations: 
(*k,H) -1 = K Q K , ^ 1^3(1+K[H-]) 1 ksKolH^] k j l / , [oTdJo (22) 
and 
(^k Y' - '^QK. , K 3 ( U K [ H - ] ) 1 
k3iyo[H^] k3Ko [oTdJo (23) 
Equation (20) has been verified by plotting the observed rate 
constant at high [CPC] i.e. *kTH vs [D*]'^ vide figure (31-45). These 
plots are found to be linear giving positive intercepts at different 
temperatures. 
378 
Equation (22) and (23) have been used to show the 
dependence of slope and intercept of equation (20) on [o-Toluidine]. 
In both the cases the plot of (*ksH)'^ vs [oTd]o' and ("km)"'' vs [oTdJo' 
are linear vide figure (46-51) and it is observed that the intercepts 
of these plots decrease v^ith [H*]. 
The values of intercepts of equation (20) give the rate 
constant associated with the step leading to the formation of the 
colored product, Pc this has been used as kc to get the value of K I . 
Ki is required to calculate the fraction of the oxidant reduced 
in step / steps leading to the formation of colored product. 
It has been discussed already that the formation of colored 
product appears as a reaction intermediate since the absorbance 
passes through a maxima signifying the features of consecutive 
reaction. However, *k i.e. the overall rate constant gives Bx i e. 
maximum concentration of intermediate by usual equations on the 
assumption that entire A is converted into B i.e. 
A -> B ^ C 
In the presence of detergent also total [A] i.e. [oxidant] is not 
converted into B. 
379 
Therefore Bx has been multiplied by a factor KI v ; to get 
the maximum concentration, Bi . 
It has been observed that the value of Bi does not show a 
direct relationship with maximum absorbance observed, it is found, 
however that Bi may be related to Be by an empirical relation, 
[eJ = K „ x D - > < f e l i x B , 
where = value of KD is 100 
Be gives a good value of the maximum absorbance under all 
conditions of [H*], [oTd]o, [D*] and temperatures with molar 
absorbance coefficient zt> as 80,000 mol"^ dm^ cm'V 
These data have been presented in Table (13-41). It may be 
observed that the observed maximum absorbance matches, 
satisfactorily with calculated values (vide column (11 & 12)) under 
all conditions. At any condition the prediction of maximum 
absorbance is within 10% of the observed values. Plots of 
Absorbance (observed) vs Time are given in Fig. : A (17-45). 
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K is ratio of slope / intercept of plots between 
28-30). 
bTdl vs [H i . (Fig. 
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TABLE 13 


















































































Temp = 35 °C, [H*] = 0.08 mol dm"^ [oTd] c = 0.04 mol dm"^ [Na2Cr207) = 2x10"* mol dm"' 
TABLE 14 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 

















































































Temp = 35°C, [H*] = 0.10mol dm"^ [oTd]o = 0.04 mol dm•^ [Na2Cr207] = 2x10"* mol dm" 
382 
TABLE 15 



















































































Temp = 35 °C, [H*] = 0.08 mol dm\ [old] o = 0.06 mol dm"^ . [Na2Cr207] = 2x10"^ mol dm"-
TABLE 16 




















































































Temp = 35°C, [H*] = 0.10 mol dm ^ [oTd] o = 0.06 mol dm'^ [Na2Cr207] = 2x10"^  mol dm'^ 
383 
TABLE 17 

















































































Temp = 35 °C, [H i = 0.20 mol dm"^ [oTd]„ = 0.06 mol dm ^ [NazCrrOT] = 2x10"' mol dm' 
TABLE 18 



















































































Temp = 35 °C, [H*] = 0.25 mol dm"^ [oTd] o = 0.06 mol dm"^ [Na2Cr207] = 2x10 mol dm"^  
384 
TABLE 19 


















































































Temp = 35°C, [H*] = 0.10 mol dm^ [oTd] o = 0.08 mol dm"^ [NajCrjOT] = 2x10^ mol dm"' 
TABLE 20 



















































































Temp = 35 °C, [H*] = 0.20 mol dm"^, [oTd] o = 0.08 mol dm"^, [Na2Cr207] = 2x10"* mol dm"' 
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TABLE 21 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
1 ICPC] 




































































Temp = 35 °C, [H+] = 0.20 mol dm'^ [oTd] o = 0.10 mol dm•^ [Na2Cr207] = 2x10"^ mol dm"' 
TABLE 22 








































































Temp = 35 °C [H+] = 0.30 mol dm"^ [oTd] „ = 0.10 mol dm•^ [NazCrrO?] = 2x10^ mol dm'" 
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TABLE 23 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[CPC] 















































































Temp = 40°C, [H*] = 0.08 mol dm"^, [old] o = 0.04 mol dm"^. [Na2Cr207j = 2x10"^mol dm"' 
TABLE 24 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[CPC] 















































































Temp = 40°C, [H'] = 0.10 mol dm ^ [oTd] o = 0.04 mol dm"^ [NazCrzOr] = 2x10"^ mol dm'' 
387 
TABLE 25 


















































































Temp = 40 °C, [H*] = 0.10 mol clm"^ [oTd] o = 0.06 mol dm"^ [Na2Cr207] = 2x10^ mol dm'^ 
TABLE 26 







































































Temp = 40 °C, [H*] = 0.20 mol dm ^ [oTd] o = 0.06 mol dm"^ [NapCrjOy] = 2x10^ mol dm"' 
388 
TABLE 27 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[CPC] 



































































Temp = 40°C, [H*] = 0 10 mol dm"^ [old] „ = 0.08 mol dm"^ [Na2Cr207] = 2x10^ mol dm"' 
TABLE 28 







































































Temp = 40 °C, [H*] = 0.20 mol dm•^ [oTd] o = 0.08 mol dm"^ [Na2Cr207] = 2x10"* mol dm"' 
389 
TABLE 29 






















































Temp = 40 °C, [H*] = 0.20 mol dm'^ [old] o = 0 01 mol dm"^ [Na2Cr207] = 2x10^ mol dm'" 
TABLE 30 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[CPC] 

























































































































































Temp = 45°C, [H*] = 0.08 mol dm"^, [oTd]o = 0.04 mol dm'^ [Na2Cr207l = 2x10"* mol dm" 
TABLE 32 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[CPC] 

























































Temp = 45°C, [H*] = 0.10 mol dm ^ [oTdJo = 0.04 mol dm"^ [Na2Cr207] = 2x10"* mol dm' 
391 
TABLE 33 

















































































Temp = 45 °C. [H*] = 0.08 mol dm"^ [oTd] c = 0.06 mol dm"^ [NazCrjO?] = 2x10^ mol dm'' 
TABLE 34 





































































Temp = 45°C, [H*] = 0.10 mol dm"^, (oTdJo = 0,06 mol dm , [Na2Cr207] = 2x10 mol dm" 
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TABLE 35 






































































Temp = 45 °C, [H*] = 0.20 mol dm^ [oTd]» = 0.06 mol dm"^ [NajCrjO?] = 2x10"* mol dm' 
TABLE 36 




















T iu l 
(4) 
0.94 


























































Temp = 45°C, [H*] = 0.25 mol dm ^ (oTd]o = 0.06 mol dm"^ [Na2Cr207] = 2x10"* mol dm' 
393 
TABLE 37 



















































































Temp = 45°C, [H*] = 0.08 mol dm"^ [old]o = 0.08 mol dm^ [Na2Cr207] = 2x10"* mol dm" 
TABLE 38 




















































































Temp = 45 °C, [H*] = 0.10 mol dm"^ [oTd] o = 0.08 mol dm"^ , [NazCrzO?] = 2x10'' mol dm"' 
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TABLE 39 





































































Temp = 45 "C, [H*] = 0.20 mol dm"^ [oTd]o = 008 mol dm"', [Na2Cr207] = 2x10^ mol dm'' 
TABLE 40 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[CPC] 



































































Temp = 45°C, [H'] = 0.20 mol dm•^ [oTd]o = 0.10 mol dm"^ [NarCriOy] = 2x10^ mol dm' 
395 
TABLE 41 
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C. Kinetics of Oxidation of o-Toluidine in the presence of 
Tween-20 
The following kinetic features are observed for the oxidation of 
o-Toluidine in the presence of Tween-20. 
1. The oxidation is first order with respect to [Cr(VI)] under all 
conditions of [H*], [oTd] and temperatures. The reaction 
rate follows a complex dependence on [oTd] and [H*]. 
2. The absorbance of the colored product exhibits a maxima 
indicating the presence of consecutive reaction observed in 
the absence of surfactant and in the presence of CPC. 
The following proposed mechanism satisfies all the observed 
kinetic features. 
Ox + oTd j-^^-^ CT + H* (24) 
C; + Dn ^ - ^ ^ CD" (25) 
C _ ^ i _ ^ Pc (26) 
Ox + H* ^ - ^ ^ OxH (27) 
OxH + oTd -h-^ Pc (28) 
Mass balanced equation for total [Cr(VI)] is: 
397 
[Ox], = [Ox-] + [Ox] + [C] + [CD] 
from the above equation the concentration of reactive species 
may be calculated as given below: 
[Ox],= A . [Ox ] . [Ox ] . ^4^ . [Ox ] . ^ ^^Ko [Ox ] [Dn ] [oTd ] 
[H* ] ' [H*] H^ 
- [OxJiru^ q j H ^ j + k,+KJoTd] + K,KJDn][oTd]] [H1 
rr^ 1 [Ox], [H^] 
Ox = —^-^—^ (29) 
[H^] + K,+KJoTd]+KoKJDn][oTd] 
[OxH] = ^AHinO^l (30) 
[H^] + K,+KJoTd] + KoKJDn][oTd] 
[C]= ^°toTd][Qx], 
[H^] + K,+KJoTd] + K„KJDn][oTd] 
rr = ki [C] + k3 [OxH] [oTd] 
Putting the value of C and OxH from equation 30 and 31 
respectively. 
^^_ ^,K,+k3K,[H-]^}[Ox],[oTd] 
[H^] + K,+KJoTd] + K,KJDyJ[oTd] 
^,K,4-k3K,[H-]^}[Ox]JoTd] 
{[H*] + K,)(UKjH^])+KJoTd]o+K,KJDn][oTd]„ 
398 
which gives the observed rate constant "k as 
nk= j<.K,^k3KJH-]^}[oTd] 
(k, + )(1 + K„K,)[H*] + (1 + KJDrv])lK,[oTd]o 
Dividing each term on RHS by Ko we get 
jk,+k3^[H^]|[oTd]o 
K — 
p + p'[H^] + (UKJDn])[oTd], 
The major features of the mechanism proposed in the 
presence of Tween 20 remain similar to those observed in the 
presence of CPC. The equilibrium involving Cr (VI) are also present 
unchanged. However, it is assumed in the presence of Tween-20 
that the concentration of oxidant-substrate complex is significant 
enough to be included in the mass balanced equation and the 
breaking down of this complex produces the colored product. It is 
further assumed that an unreactive species CD' produced by the 
interaction of C with the detergent results in the retardation of 
reaction. The interaction between detergent and complex C is 
observed both in the premicellar and post micellar region. 
Therefore, it may be inferred that the micelles as such play no 
critical role in the determination of mechanism of the reaction. In 
the presence of Tween-20 also, it appears that OxH is a significant 
oxidizing species which results in the formation of colored product 
3 9 9 
by interacting with unprotonated Toluidine. The rate law obtained 
by the proposed mechanism gives the overall observed rate 
constant "k as: 
„ ^ _ ^,Ko^k3K, [H-r}[oTd]o 
p + p'[H^]+(1 + KJDn])[oTd]o ^ 
The reciprocal of the above equation gives 
, , . ._,_ p + p'[H*] 1 , d + KJDn]) 
"ks — ? — + "ki (33) [oTd] 0 
where, X = P ? ? ' ' . % = ^ l l i ^ ^ n J i 
k, + ^ [ H - ) k, + M i [ H - f 
0 
The above equation stands verified as the plots of ("k)'^ vs 
[oTd]'^ are found to be linear. (Vide figure 52-60) at all 
concentrations of Dn and temperatures. 
It is also observed that intercepts of these plots increase with 
increasing [Dn] and decrease with increasing [H*]. 
"k, = — ^ + ^ [Dn] 
= kii + k,s [Dn] (34) 
400 
1 K 
Where, ku=^-^^ , kis = ^ 
The dependence of these intercepts on [Dn] has been tested 
by plotting "ki versus [Dn] which are found to be linear as predicted 
by equation (34), as shown in figure (61-62). 
From the ratio of slope/Intercept of these plots the values of 
Kd have been obtained at different temperatures and presented in 
Table 4A. 
The dependence of oxidation rate on [H*] could not be 
established quantitatively because reaction becomes very slow at 
low [H*]. 
The absorbance data has been used to get the values of 
kinetic parameters associated with consecutive reaction involving 
formation and decomposition of the colored product. It may be 
recalled that the kinetics of oxidation of Toluidine in the absence of 
any surfactant gave a rate expression consisting of four terms each 
signifying the presence of different routes. For the purpose of 
calculation of tmax ("k x tmax) the overall observed rate constant was 
used which gave a very high value of the maximum concentration, of 
the colored product. Then on the basis of the assumption that only 
a fraction of oxidant consumed resulted in the formation of the 
401 
colored product. Bx had to be multiplied by a factor Ki (=kc/"k) giving 
Bi . In order to get the value [Bi] a factor kc/"k was used while kc 
represented the first term of rate expression. This implied that the 
colored product was formed by Route 1 only in the absence of 
surfactant. Similar procedure was adopted for reaction studied in 
the presence of CPC. In this case it was observed that the first 
route proposed for the reaction in absence of any detergent was not 
included in the rate law and then on the basis of the assumption that 
only a fraction of oxidant consumed resulted in the formation of 
colored product. Bx had to be multiplied by a factor Ki{=kc/''k). 
In comparison to the above two situations it is found that in 
the presence of Tween-20. Cr(VI) is reduced by two major routes: 
k-, OxH + [oTd] —^2_^ Pc 
and the observed rate constant "k gives the maximum value of 
the concentration of colored complex, Bx without requiring 
multiplication by a factor kc/"k. This signifies that in the presence of 
Tween-20 no significant amount of Cr(VI) Is reduced by routes 
giving rise to the formation of the other product. It will be expected 
that the concentration term Bx, if multiplied by molar extinction 
402 
coefficient, e should give maximum absorbance observed. However, 
it is found that Bx has to be multiplied by a factor fn, 
" 1 + K[H*] 
under different conditions of [H*], [Dn], [oTd]o and temperatures to 
get the maximum concentration of the coloured product, Be. 
After obtaining the value of Be it is found that, if E is taken as 
800000 mol'^ dm^ cm"^ then the value of maximum absorbance 
matches with the observed values under all conditions as presented 
in Table (42-59) and column (9 & 10) respectively. Plots of 
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45°C 
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Temp = 35°C, [H*] = 0.08 mol dm•^ [oTd] o = 0.04 mol dm"^ [Na2Cr207] = 2x10^ mol dm"^ fn = 0.024 
TABLE 43 














































































Temp = 35°C, [H*] = 0.10 mol dm ^ [oTd] o = 0.04 mol dm•^ [Na2Cr207] = 2x10^ mol dm"^ (H = 0.022 
405 
TABLE 44 











































































Temp = 35 "C, [H^ = 0.08 mol dm'^ [oTdJo = 0.06 moldm-', [Na2Cr2O7l = 2x10'^moldm ^ fH = 0.036 
TABLE 45 













































































Temp = 35°C, [H*] = 0.10 mol dm•^ [old] o = 0.06 mol dm"^ [Na2Cr207] = 2x10^ mol dm•^ fn = 0.032 
406 
TABLE 46 













































































Temp = 35°C, [H*] = 0.08 mol dm"^ [oTd] o = 0.08 mol dm"^ [NazCrzOT] = 2x10"^ mol dm"^ fn = 0.047 
TABLE 47 














































































Temp = 35°C, [H*] = 0.10 mol dm"^ [oTd] o = 0.08 mol dm"^ [Na2Cr207] = 2x10"^  mol dm^ fH = 0.043 
TABLE 48 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
407 
[Tween- 20] 











































































Temp = 40°C. [H*J = 0.08 mol drn'^ [oTd] <, = 0.04 mol dm^ [Na2Cr207] = 2x10^ mol dm"^, fH = 0.024 
TABLE 49 













































































Temp = 40°C, [H*] = 0.10 mol dm"^. [oTd]o = 0.04 mol dm"^ [NarCrrO?] = 2x10''mol dm"^ fH = 0.021 
408 
TABLE 50 













































































Temp = 40°C, [H*] = 0.08 mol dm^ [oTd] o = 0.06 mol dm"^ [Na2Cr207l = 2x10" mol dm"^ fn = 0.036 
TABLE 51 














































































Temp = 40°C, [H*] = 0.10 mol dm•^ [oTd] o = 0.06 mol dm"^ (NazCrzO?) = 2x10"^ mol dm"^ fH = 0.032 
409 
TABLE 52 













































































Temp = 35°C, [H*] = 008 mol dm •^ [old] o = 0.08 mol dm"^ [Na2Cr207] = 2x10^ mol dm•^ fH = 0.047 
TABLE 53 













































































Temp = 40°C, [H*] = 0.10 mol dm"^, [oTdlo = 0.08 mol dm"^, [Na2Cr207] = 2x10"^ mol d m ^ fn = 0.043 
410 
TABLE 54 













































































Temp = 45°C, [H*] = 0.08 mol dm^ [old] o = 0.04 mol dm ^ [NajCrzO?] = 2x10^ mol dm^ fH = 0.024 
TABLE 55 














































































Temp = 45°C, [H*] = 0.10 mol dm•^ [oTd] o = 0.04 mol dm"^, [Na2Cr207] = 2x10"* mol dm"^ fH = 0.021 
411 
TABLE 56 
COMPARISON OF CALCULATED ABSORBANCE WITH MAXIMUM OBSERVED ABSORBANCE 
[Tween- 20] 










































































Temp = 45°C, [H*] = 0.08 mol dm'^ (oTcl]o = 0.06 mol dm"^, [Na2Cr207] = 2x10"^ mol dm"^ (H = 0.036 
TABLE 57 














































































Temp = 45°C, [H*] = 0.10 mol dm"^ [oTd] o = 0.06 mol dm"^, [Na2Cr207l = 2x10^ mol dm•^ fw = 0.032 
412 
TABLE 58 













































































Temp = 45°C, [H*] = 0.08 mol dm"^ [old] o = 0.08 mol dm"^, [NarCrjO?] = 2x10^ mol dm•^ fn = 0.047 
TABLE 59 
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The structural mechanism of the oxidation of o-Toluidine may be represented by the 
following sequence leading to formation of coloured product as azoderivative and the 
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A. KINETIC DATA AND 
OBSERVED FIRST ORDER 





EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( V ) IN THE 




























































































































































































































Temp = 30 °C, [mTdJo = 0.10 mol dm , [Surfactant] = nil, [Na2Cr207] = 2x10"* mol dm"' 
TABLE 2 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 


















































































































































































Temp = 30 °C, [mTdJo = 0.08 mol dm"^ , [Surfactant] = nil, [NazCrrO?] = 2x10"* mol dm"" 
416 
TABLE 3 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k™) IN THE 






















































































































































0.0074 min."' | 0.0100 min."' 



























































Temp = 30 °C, [mTd]o = 0.06 mol dm"^ , [Surfactant] = nil, [Na2Cr207] = 2x10"* mol dm"' 
TABLE 4 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( V ) IN THE 

































































































































































- 1 -0.0330 min."' 

























Temp = 35°C, [mTd]o = 0.10 mol dm"^ [Surfactant) = nil, [NazCrzOr] = 2x10"' mol dm"" 
417 
TABLE 5 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( V ) IN THE 









0.05 mol dm"' 
RL 










































































































































































0.0330 min.' | 
Temp = 35 °C, (mTdJo = 0.80 mol dm"^, [Surfactant] = nil, [Na2Cr207] = 2x10^ mol dm"^  
TABLE 6 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( V ) IN THE 













































































































0.0084 min •' 



















































































Temp = 35 °C, [[mTd]o = 0.06 mol dm•^ (Surfactant] = nil, (Na2Cr2O7] = 2x10'^moldm'' 
418 
TABLE 7 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {'km) IN THE 

















































































Temp = 35 °C, [mldjo = 0.04 mol dm"^ [Surfactant] = nil. [Na2Cr207] = 2x10'* mol dm"' 
TABLE 8 
EFFECT OF THE CONCENTRATION OF H* ION THE ON OBSERVED RATE CONSTANT ( " M IN THE 

























































































































































































0.0550 min •' 
Temp = 40°C, [mTd)o = 0.10 mol dm'^ [Surfactant] = nil, [Na2Cr207] • 2x10"^  mol dm"^  
419 
TABLE 9 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (°k„) IN THE 


































































































































0.0072 min ' 


































































































Temp = 40 °C, [mTd]o = 0.08 mol dm"^ , [Surfactant] = nil, INa2Cr207] = 2x10'' mol dm"^  
TABLE 10 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( V ) IN THE 




































































































































































































0.0360 min."' | 
Temp = 40 "C. [mTdJo = 0.06 mol dm"^ [Surfactant] = nil, {Na2Cr207] = 2x10"^  mol dm"' 
420 
TABLE 11 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ('kmn) IN THE 








































































































































Temp = 30°C. [mTd]o = 0.06 mol dm"^ [CPC] = 0.0100 mol dm"" (NaaCrzGTl 2x10^ mol dm"' 
TABLE 12 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*kmH) IN THE 











































































































































Temp = 30 °C. [mTd]o = 0.06 mol dm"^ [CPC] = 0.0060 mol dm- [NazCrjO?] = 2x10"* mol dm"' 
421 
TABLE 13 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck^) IN THE 


























































































































































Temp = 30 °C. [mTd]o = 0,06 mol dm"^. [CPC] = 0,0020 mol dm"^, [NajCrjO/J = 2x10"* mol dm"^  
TABLE 14 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT f M IN THE 



































































































































Temp = 30°C, [mldjo = 0,06 mol dm ^ [CPC] = 0.0009 mol dm" [NazCrjO?] = 2x10^ mol dm"' 
422 
TABLE 15 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {*k«) IN THE 






























































































0.0137 min.' j 0.0164 min.' | 0.0220 min' 












































Temp = 30°C, [mTcl]o = 0.06 mol dm' . [CPC] = 0.0007 mol dm'" [Na2Cr207] = 2x10"^ mol dm"' 
TABLE 16 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*kn,) IN THE 












































0.30 1 3.55 
0.0186 min.' 


































































































Temp = 30 °C, [mTd]o = 0.06 mol dm'^ [CPCJ = 0.0005 mol dm"' [Na2Cr207j 2x10^ mol dm'^ 
423 
TABLE 17 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k„^) IN THE 










































































































































Temp = 30°C, [mTd]o = 0.08 mol dm^ (CPC] = 0,0100 mol dm"" [NazCrzOr] = 2x10"^  mol dm"^  
TABLE 18 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*IUH) IN THE 


































1.20 I 4.08 
0.0018 min.' 




















1.00 1 4.00 
0.0022 min"' 



































































Temp = 30 °C, (mTd]o = 0.08 mol dm"^ [CPC] = 0.0060 mol dm"^  [NazCrzOr] = 2x10^ mol dm"' 
424 
TABLE 19 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT CKnn) IN THE 













































































































































Temp = 30 °C, [mldjo = 0.08 mol dm"^ [CPC] = 0.0020 mol dm'', [NajCrzOr] = 2x10^ mol dm'" 
TABLE 20 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 































































































































































0.0270 min ' 
Temp = 30 °C, [mTd]o = 0.08 mol dm"^ [CPC] = 0.0009 mol dm"" [NazCrzQy] = 2x10"' mol dm"^ 
425 
TABLE 21 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT fk™) IN THE 






































































































0.0230 min •' 














































Temp = 30°C, [mldjo = 0.08 mol dm"^ . [CPC] = 0.0007 mol dm'', [NazCrjOr] = 2x10"^  mol dm"^  
TABLE 22 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*km) IN THE 






































































































































Temp = 30 °C, [mTd]o = 0.08 mol dm"', [CPC] = 0.0005 mol dm • [Na2Cr207] = 2x10"* mol dm"^  
426 
TABLE 23 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {*k»H) IN THE 






































































































































0.70 1 3.85 [ 
0.0033 min."' | 
Temp = 30°C, (mTd]o = 0.10 mol dm"^ [CPC] = 0.0100 mol dm"^  [Na2Cr207] = 2x10^ mol dm"' 
TABLE 24 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck^) IN THE 































































































































Temp = 30°C, [mTd]o = 0.10 mol dm"^ [CPC] = 0.0060 mol dm"" [Na2Cr207] = 2x10"^ mol dm" 
427 
TABLE 25 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT CKvtt) IN THE 











































































































0.0096 min •' 














































Temp = 30°C, [mTd]o = 0.10 mol dm , [CPC] = 0.0020 mol dm" [Na2Cr207] = 2x10"' mol dm" 
TABLE 26 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 




























































































































































Temp = 30°C, [mTdJo = 0.10 mol dm"^. [CPC] = 0.0009 mol dm"^, [NazCrzOr] = 2x10''mol dm"^ 
428 
TABLE 27 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 
PRESENCE OF CPC 




















































































































































Temp = 30 "C, (mTdJo = 0.10 mol dm"^ [CPC] = 0.0007 mol dm"" [Na2Cr207] = 2x10^ mol dm"^ 
TABLE 28 
EFFECT OF THE CONCENTRATION OF [H*] ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 

































































































































Temp = 30°C, (mTd)o = 0,10 mol dm"^ [CPC] = 0,0005 mol dm"" [Na2Cr207] = 2x10^ mol dm"^ 
429 
TABLE 29 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k™H) IN THE 




























































































































1 0.0077 min.' 





















Temp = 35°C, [mTd]o = 0.06 mol dm^ [CPC] = 0.0100 mol dm" [NazCrzO?] = 2x10"* mol dm" 
TABLE 30 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT fkmH) IN THE 




































































































































Temp = 35 °C, [mTdJo = 0.06 mol dm'^ [CPC] = 0,0060 mol dm"" [NazCrzOr] = 2x10^ mol dm"" 
430 
TABLE 31 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k„«) IN THE 



































































































































Temp = 35 °C, [mTd]o = 0.06 mol dm ^ [CPC] = 0.0020 mol dm"' [Na2Cr207] = 2x10 mol dm" 
TABLE 32 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 




































































































































Temp = 35 °C, [mTdJo = 0.06 mol dm"^ [CPC] = 0,0009 mol dm"' [NazCrzOy] = 2x10^ mol dm"^ 
431 
TABLE 33 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {*k„,) IN THE 














































*k„ \ 0.0380 min.' 





































































































0.0640 min.' | 
Temp = 35 "C, (mTd]o = 0.06 mol dm'^ [CPC] = 0.0007 mol dm'^  [Na2Cr207j = 2x10"* mol dm'^  
TABLE 34 
EFFECT OF THE CONCENTRATION OF [H*] ION ON THE OBSERVED RATE CONSTANT (*k„) IN THE 




























































































































































Temp = 35°C, [mTd]o = 0.06 mol dm ^ [CPC] = 0.0005 mol dm ^ [Na2Cr207] = 2x10"^ mol dm"^ 
432 
TABLE 35 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck„^) IN THE 




































































































0.0O41 min.' 0.0060 min."' 












































Temp = 35 "C, [mTdJo = 0.08 mol dm"^  [CPC] = 0.0100 mol dm" [NaaCrzO?] = 2x10'^  mol dm' 
TABLE 36 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*kmH) IN THE 




































































































































Temp = 35 °C, [mTdJo = 0.08 mol dm"^ [CPC] = 0.0060 mol dm" (NazCrzO?) = 2x10^ mol dm"' 
433 
TABLE 37 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck^) IN THE 









































































0.0190 min ' 






























































0.0380 min •' 
Temp = 35 °C, [mTdJo = 0.08 mol dm ^ [CPC] = 0.0020 mol dm^^  [Na2Cr207] = 2x10"^ mol dm"' 
TABLE 38 
EFFECT OF THE CONCENTRATION OF H' ION ON THE OBSERVED RATE CONSTANT { X ) IN THE 

























































































































































Temp = 35 °C, [mTd]o = 0.08 mol dm"^ [CPC] = 0.0009 mol dm"' [NasCrzOy] = 2x10"^ mol dm'' 
434 
TABLE 39 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k,„) IN THE 



























































































































0.25 mol d m ' 


















0,0690 min,' 0,0740 min.' 
Temp = 35 "C, [mTd]o = 0.08 mol dm"^ [CPC] = 0.0007 mol dm"^ , [Na2Cr207] = 2x10"* mol dm '^ 
TABLE 40 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {*km) IN THE 























































































































































Temp = 35"C. (mTd]o = 0.08 mol dm"^ , (CPC) = 0.0005 mol dm"^ . [NaTCrrOrl^ 2x10^ ^ mol dm' 
435 
TABLE 41 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ckmn) (N THE 











































*kniH 1 0.0033 min.' 























































1 0.0061 min.' 














































Temp = 35°C. [mTd]o = 0.10 mol dm"^ [CPC] = 0.0100 mol dm"^  [Na2Cr207] = 2x10"^  mol dm"^  
TABLE 42 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k„*,) IN THE 




































































































































Temp = 35 "C, [mTd]o = 0.10 mol dm^, [CPC] = 0.0060 mol dm" [NazCrTOr] = 2x10"^ mol dm"^  
436 
TABLE 43 
EPFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*lw() IN THE 




















































































































































Temp = 35 "C, [mldjo = 0.10 mol dm"^ [CPC] = 0.0020 mol dm"^  [Na2Cr207] = 2x10"* mol dm"^  
TABLE 44 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*km) IN THE 





















































































































































0.0710 min.' i 
Temp = 35°C, [mTdJo = 0.10 mol dm"^ [CPC] = 0.0009 mol dm"" [Na2Cr207] = 2x10^ mol dm"^ 
437 
TABLE 45 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck„) IN THE 



































































































































0.0660 min,' | 0.0760 min,' 

























Temp = 35 "C, (mTdJo = 0.10 mol dm"^ , [CPC] = 0.0007 mol dm"" [NazCrrOr] = 2x10"^ mol dm"" 
TABLE 46 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT fkm) IN THE 

























































































































































Temp = 35°C, [mTdJo = 0.10 mol dm"^ [CPC] = 0.0005 mol dm"" [NazCrzO?] = 2x10"* mol dm"^  
438 
TABLE 47 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k.„H) IN THE 



























































































































































Temp = 40 °C, (mTd]o = 0.06 mol dm"^ [CPC] = 0.0100 mol dm"^. [NajCrzO/] = 2x10^ mol dm"^  
TABLE 48 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck^) IN THE 

































































































































































Temp = 40 °C. [mTdJo = 0.06 mol dm"^ [CPC] = 0.0060 mol dm" [NazCrzO?] = 2x10^ mol dm"= 
439 
TABLE 49 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck„^) IN THE 































































































































0.0380 min.' | 0,0440 min.' 























Temp = 40 "C, [mTd]o = 0.06 mol dm•^ [CPCl = 0.0020 mol dm•^ [Na2Cr207l = 2x10"* mol dm"^ 
TABLE 50 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 

















































































































































Temp = 40°C. [mldjo = 0.06 mol dm•^ [CPC] = 0.0009 mol dm"' [Na2Cr207] = 2x10 mol dm" 
440 
TABLE 51 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( * M IN THE 









































































































































Temp = 40 °C, [mTd]o = 0.06 mol dm"', [CPC] = 0.0007 mol dm"" [NazCrzOrl = 2x10^ mol dm"^  
TABLE 52 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( * M IN THE 







































































































































Temp = 40°C, [mTd]o = 0.06 mol dm"^  [CPC] = 0.0005 mol dm•^ [Na2Cr207] = 2x10^ mol dm"^  
441 
TABLE 53 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k„^) IN THE 


























































































































































































Temp = 40°C, [mTd]o = 0.08 mol dm•^ [CPC] = 0.0100 mol dm"^  [NazCrzOy] = 2x10^ mol dm'' 
TABLE 54 
EFFECT OF THE CONCENTRATION OF H' ION ON THE OBSERVED RATE CONSTANT (*k™H) IN THE 






























































































































































Temp = 40 °C, [mTdJo = 0.08 mol dm"^ [CPC] = 0.0060 mol dm"' (NazCrzO/l 2x10'^ mol dm'^ 
442 
TABLE 55 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*kmH) IN THE 































































































0.0390 min ' 












































Temp = 40 °C, (mTd]o = 0.08 mol 6m\ [CPC] = 0.0020 mol dm"^  [NarCfzOy] = 2x10"^ mol dm" 
TABLE 56 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( * M IN THE 





























































































































































Temp = 40 °C, [mTd)o = 0.08 mol dm"^ [CPC] = 0.0009 mol dm"" [NaaCrzO?] = 2x10"^ mol dm"^ 
443 
TABLE 57 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( * M IN THE 


















































































































































Temp = 40 °C, [mTdJo = 0.08 mol dm"', [CPC) = 0.0007 mol dm" [Na2Cr207] = 2x10"^  mol dm"" 
TABLE 58 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 
































































0.0850 min •' 































































Temp = 40 °C, [mTdJo = 0.08 mol dm , [CPC] = 0.0005 mol dm" [Na2Cr207) = 2x10"* mol dm'" 
TABLE 59 
EFFECT OF THE CONCENTRATION OF H' ION ON THE OBSERVED RATE CONSTANT (*kmH) IN THE 







































































































































































Temp = 40°C, [mTdJo = 0.10 mol dm , [CPC] = 0.0100 mol dm"" [NazCrjO?] = 2x10"* mol dm' 
TABLE 60 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*k„^) IN THE 










































































0.0079 min,' | 0.0099 min.' 



































































Temp = 40°C, [mldjo = 0,10 mol dm ^ [CPC] = 0,0060 mol dm" [Na2Cr207l = 2x10^ mol d m ' 
445 
TABLE 61 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {"Jw*) IN THE 











































































































































Temp = 40 "C, [mTci]o = 0.10 mol dm"'. [CPC] = 0.0020 mol dm"" [Na2Cr207] = 2x10^ mol dm"^ 
TABLE 62 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*km) IN THE 




























































































0.0790 min •' 








































Temp = 40 °C, [mTd]o = 0.10 mol dm"^, (CPC) = 0,0009 mol dm"^, [NazCrjO?] = 2x10^ mol dm"^ 
446 
TABLE 63 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT (*km) IN THE 



































































































































Temp = 40°C, [mTd]o = 0.10 mol dm ^ [CPC] = 0.0007 mol dm"" [Na2Cr207] = 2x10^ mol dm' 
TABLE 64 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT fkn,) IN THE 



























































































































Temp = 40°C, [mTd]o = 0.10 mol dm^ [CPC] = 0.0005 mol dm"^, [Na2Cr207] = 2x10"^ mol dm"^ 
447 
TABLE 65 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck^) IN THE 












































































































































Temp = 30°C, [mTd]o = 0.06 mol dm"^ , [Tween-20] = 0.002500 mol dm'^ , [Na2Cr207] = 2x10^ mol dm' 
TABLE 66 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("kmn) IN THE 












































































































































Temp = 30 "C, [mTdJo = 0.06 mol dm•^ [Tween-201 = 0.000850 mol dm"', [NaaCrzO?! = 2x10^ mol dm'' 
448 
TABLE 67 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„^) IN THE 

























































































































































Temp = 30 °C, [mldjo = 0.06 mol dm"^ n'ween-20] = 0.0OO450 mol dm"^ , [Na2Cr207J =2x10^ mol dm"" 
TABLE 68 
EFFECT OF THE CONCENTRATION OF H' ION ON THE OBSERVED RATE CONSTANT ("km) IN THE 















































































0.0120 min ' 
























0,0168 min ' 
















































Temp = 30 °C. [mTd]o = 0.06 mol dm"^ rTween-20] = 0,000100 mol dm"^ [Na2Crj07] = 2x10^ mol dm" 
449 
TABLE 69 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("lu) (N THE 



















































































































































0.0270 mm •' 
Temp = 30°C, [mTdJo = 0.06 mol dm ^ frween-20] = 0.000085 mol dm"^ [Na2Cr207] = 2x10^ mol dm"' 
TABLE 70 
EFFECT OF THE CONCENTRATION OF H' ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 
















































































































0.0310 min ' 

























































0,0380 mm ' 
Temp = 30 °C, [mTd)o = 0.06 mol dm"^ [Tween-20] = 0.000045 mol dm"^ [Na2Cr207l = 2x10^ mol dm"^ 
450 
TABLE 71 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("lw<) IN THE 















































































































































Temp = 30 "C, [mTd]o = 0.08 mol dm"^, (Tween-201 = 0.002500mol dm"^, [Na2Cr207] = 2x10"*moidm' 
TABLE 72 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„*) IN THE 












































































































































Temp = 30°C, (mTd]o = 0,08 mol dm^ [Tween-201 = 0,000850 mo) dm"^, [Na2Cr207] = 2x10"* moldm" 
451 
TABLE 73 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("Iw,) IN THE 

































































































































0.0042 min.' j 0.0057 min.' 


























Temp = 30°C, (mldjo = 0.08 mol dm•^ [Tween-20] = 0.000450 mol dm"'. [NazCrjO?! = 2x10'^moldm"' 
TABLE 74 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k™) IN THE 






















































































































































Temp = 30 °C, [mTd]o = 0.08 mol dm"^ [Tween-201 = 0.000100 mol dm"^ [Na2Crj07l = 2x10"* mol dm"' 
452 
TABLE 75 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("km) IN THE 





































































































0.0200 min.' | 

























0.0250 min •' 



























Temp = 30 °C, (mTd]o = 0.08 mol dm"^ n'ween-20] = 0.000085 mol dm•^ [NazCrjO?) = 2x10"* mol dm' 
TABLE 76 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 





















































































































































Temp = 30 °C, [mTd]o = 0.08 mol dm"^, n'ween-20] = 0.000045 mol dm"', [Na2Cr207l = 2x10"^ mol dm"^ 
453 
TABLE 77 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT Ck„^) IN THE 















































































































































Temp = 30 °C, [mldjo = 0.10 mol dm"^, [Tween-20] = 0.002500 mol dm"^, [Na2Cr207] = 2x10"* mol dm"' 
TABLE 78 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„,H) IN THE 







































0.00042 min ' 
























0.00054 min •' 
























0.00080 min ' 


















































Temp = 30 °C, (mTd]o = 0.10 mol dm ^ Uween-2Q] = 0.000850 mol dm"^, [NaaCrzO?] = 2x10^ mol dm"" 
454 
TABLE 79 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("K^) IN THE 

































































































































































Temp = 30 °C, [mTdlo = 0.10 mol dm•^ fTween-20] = 0.000450 mol dm"^. [NazCrzOy] = 2x10"^ mol dm"' 
TABLE 80 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 






















































































































































Temp = 30 °C, [mTd]o = 0.10 mol dm•^ rTween-20] = 0.000100 mol dm"^, [NazCraOy] = 2x10^ mol dm"^ 
455 
TABLE 81 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 































































































































































Temp = 30 °C, [mTd]o = 0.10 mol dm•^ [Tween-20] = 0.000085 mol dm"^ [NazCrjO?] = 2x10"^  mol dm"' 
TABLE 82 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 


























































































































































Temp = 30 °C, [mTd]o = 0.10 mol dm"^ [Tween-20] = 0.000045 mol dm"^ , [Na2Cr207] = 2x10"^  mol dm"" 
456 
TABLE 83 
EFFECT OF THE CONCENTRATION OF H' ION ON THE OBSERVED RATE CONSTANT ("km )^ IN THE 












































































































































Temp = 35 °C, [mldjo = 0.06 mol dm"^ [Tween-lO] = 0.002500 mol dm"^ , [Na2Cr207] = 2x10"* mol dm"' 
TABLE 84 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("kmH) IN THE 


































































































































































Temp = 35 °C, [mTd]o = 0.06 mol dm"\ rrween-201 = 0.000850 mol dm"^ , [Na2Cr207] = 2x10^ mol dm" 
457 
TABLE 85 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k™„) IN THE 









































































































































































Temp = 35 °C, [mTd]o = 0.06 mol dm"^ [Tween-20] = 0.000450 mol dm"^. [Na2Cr207) = 2x10"* mol dm"' 
TABLE 86 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„) IN THE 















































































































































Temp = 35 °C, [mTd]o = 0.06 mol dm"^ [Tween-20] = 0.000100 mol dm•^ [Na2Cr207] = 2x10^ mol dm"' 
458 
TABLE 87 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„,) IN THE 




































































































0.0500 min.' 0.0550 min."' 




















0.0580 mm ' 
Temp = 35 "C, [mTdjo = 0.06 mol dm"', n"ween-20] = 0.000085 mol dm'', [Na2Cr207j = 2x10"^ mol dm"' 
TABLE 88 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„,) IN THE 















































































































































Temp = 35 °C, [mTd]o = 0.06 mol dm"', [Tween-20] = 0.000045 mcA dm"', fNa2Cr207] = 2x10"^ mol dm"" 
459 
TABLE 89 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT CK,H) IN THE 
















































































































0.0016 min.' | 0.0024 min.' 0.0032 min.' 
























0.0040 min ' 
Temp = 35 °C, (mTd]o = 0.08 mol 6m\ [Tween-20] = 0.002500 mol dm"^ , [NazCrrOr] = 2x10"* mol dm'^  
TABLE 90 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„^) IN THE 


























































































































































Temp = 35 °C, [mTdJo = 0.08 mol dm"', fTween-20] = 0.000850 mol dm'', (Na2Cr207] = 2x10^ mol dm"^  
460 
TABLE 91 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT CK,m) IN THE 














































































0.0071 min.' | 0.0088 min.' 























































































Temp = 35 °C, [mTdJo = 0.08 mol dm"^ (Tween-20] = 0.000450 mol dm"^, [Na2Cr207] = 2x10"^ mol dm"' 
TABLE 92 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("km) IN THE 










































































































































































Temp = 35 °C, [mldjo = 0.08 mol dm•^ (Tween-20] = 0.000100 mol dm"^, [NajCrzO;] = 2x10^ mol dm'" 
461 
TABLE 93 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 









































































































































Temp = 35 °C, [mTdJo = 0.08 mol dm"^  [Tween-20] = 0.000085 mol dm"^ [Na2Cr207] = 2x10"^  mol dm"' 
TABLE 94 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("km) IN THE 



















































































































































Temp = 35 °C, [mTd]o = 0.08 mol dm"^ [Tween-201 = 0.000045 mol dm"^ , [Na2Cr207] = 2x10"^  mol dm"' 
462 
TABLE 95 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k^) IN THE 












































































































































Temp = 35 °C, [mTd]o =0.10 mol dm ^ [Tween-20] = 0.002500 mol dm"^, [NazCrzOT] = 2x10"" mol dm'^ 
TABLE 96 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT {"k^) IN THE 



















































































































































Temp = 35 °C, (mldjo = 0.10 mol dm ^ [Tween-20] = 0.000850 mol dm'^, [NazCrzO?] = 2x10"* mol dm"' 
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TABLE 97 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k^n) IN THE 











































X H 1 0.0072 min.' 











































































































Temp = 35 °C, [mldjo =0.10 mol dm"^ , [Tween-20] = 0.000450 mol dm"^ , [NajCrzOr] = 2x10"^ mol dm"' 
TABLE 98 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 













































































































































0.0660 min."' | 
Temp = 35 °C, [mTd]o = 0.10 mol clm•^  (Tween-20] = 0.000100 mol dm"^ , [NajCrzOr] = 2x10"^  mol dm"^  
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TABLE 99 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„,) IN THE 
PRESENCE OF TWEEN-20 



































"km 1 0.0350 min.-' 






















































0.0560 min •' 




















































0.0660min.' | 0.0740min.' 
Temp = 35 "C. [mTd]o = 0.10 mol dm"^ . fTween-20] = 0.000085 mol dm"*, [NaiCr^Or] = 2x10"* mol dm"^  
TABLE 100 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 



















































































































































Temp = 35 "C, [mTd]o = 0.10 mol dm"^  [Tween-20] = 0.000045 mol dm"^ . [Na2Cr207) :2x10''moldm"' 
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TABLE 101 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k™„) IN THE 























































































0.55 1 3.75 
0.0036 min.' 


















































Temp = 35 °C, (mTdJo = 0.060 mol dm•^ [Tween-20] = 0.002500 mol dm"^ [NazCrjO/] = 2x10"^ mol dm'^ 
TABLE 102 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT CKM) IN THE 














































































































































Temp = 35 °C, [mTd]o •• 0.06 mol dm"^ [Tween-20] = 0.000850 mol dm"^ [Na2Cr207] = 2x10"^ mol dm"^ 
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TABLE 103 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("kmn) IN THE 

















































































































































0.0230 min.' | 0.0270 min.' 
Temp = 40 °C, [mTdJo = 0.06 mol dm"^ n'ween-20] = 0.000450 mol dm"*, [NazCraO?] = 2x10"^  mol dm"= 
TABLE 104 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("km) IN THE 
































































































































































Temp = 40 °C, [mTd]o = 0.06 mol dm"^ [Tween-20] = 0.000100 mol dm"^ . [NazCrzO?] = 2x10"^  mol dm"^  
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TABLE 105 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 























































































































0.0690 min.' | 


































































Temp = 40 °C, [mTd]o = 0.06 mol dm'^ fTween-20] = 0.000085 mol dm"^ , [Na2Cr207] = 2x10"^  mol dm" 
TABLE 106 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("km) IN THE 
























































































































































Temp = 40 °C, (mTd]o = 0.06 mol dm"^  [Tween-20] = 0.000045 mol dm"^ , [Na2Cr207] = 2x10"^  mol dm"^  
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TABLE 107 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„^) IN THE 








































































































































Temp = 40 °C, [mTd]o = 0.08 mol dm"^ [Tween-20] = 0.002500 mol dm"^ , [NazCrzO?] 2x10^ mol dm"^  
TABLE 108 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k^) IN THE 


























































































































































Temp = 40 °C, [mTd]o = 0.08 mol dm"^  fTween-20] = 0.000850 mol dm'^ , [NazCrjO?) = 2x10"^  mol dm'' 
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TABLE 109 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k^) IN THE 











































0.50 1 3.70 
0.0100 min.' 














































































0.0240 min •' 























Temp = 40 "C, [mTdJo = 0.08 mol dm•^ [Tween-20] = 0.000450 mol dm"', (NazCrzOrj = 2x10"' mol dm"' 
TABLE 110 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( " M IN THE 
PRESENCE OF TWEEN-20 

















































































"km 1 0.0420 mm' | 0.0500 min.' 



































































































Temp = 40 °C, [mTd]o = 0.08 mol dm"', rTween-20] = 0.000100 mol dm"', [Ua^CTjOj] = 2x10^ mol dm"" 
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TABLE 111 
EFFECT OF THE CONCENTRATION OF H' ION ON THE OBSERVED RATE CONSTANT Ck„) IN THE 














































































































































































Temp = 40 °C, [mTdJo = 0.08 mol dm"^ [Tween-20] = 0.000085 mol dm"', [NarCrrO?] = 2x10"^ mol dm"' 
TABLE 112 
EFFECT OF THE CONCENTRATION OF [H*] ION ON THE OBSERVED RATE CONSTANT ("km) IN THE 


































































































































0.1200 min ' 




























0 1200 min.' 
Temp = 40 °C, [mTd]o = 0.08 mol dm'^ [T\Neer>-20] = 0.000045 mol dm"', [Na2Cr207l = 2x10"" mol dm"' 
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TABLE 113 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k^) IN THE 








































































































































0.0047 min.' | 0.0058 min.' 
Temp = 40 °C, [mTcl]o =0.10 mol dm"^ [Tween-20] •• 0.002500 mol dm"^ [NazCrzOr] = 2x10"^ mol dm"^ 
TABLE 114 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT CK«H) IN THE 


























































































































































Temp = 40 °C, (mTd)o = 0.10 mol dm"^ n'ween-20] = 0.000850 mol dm"*, [NazCrzO?] = 2x10'^ mol dm"' 
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TABLE 115 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„*) IN THE 




































































































0.0190 min ' 



















































Temp = 40 °C, [mTd]o = 0.08 mol dm"^ [Tween-20] = 0.000450 mol dm"^ , [Na2Cr207] = 2x10"' mol dm'" 
TABLE 116 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 
























































































































































































Temp = 40 °C, [mTdJo = 0.10 mol dm•^ [Tween-20J = 0.000100 mol dm"^ , [NazCrrO?] = 2x10"^  mol dm"' 
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TABLE 117 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ("k„,) IN THE 











































































































































































Temp = 40 °C, [mTdJo = 0.10 mol dm"^, [Tween-20] = 0.000085 mol dm"^ , [Na2Cr207] = 2x10^ mol dm"^  
TABLE 118 
EFFECT OF THE CONCENTRATION OF H* ION ON THE OBSERVED RATE CONSTANT ( X ) IN THE 


































































































































Temp = 40 °C, [mTdjo = 0.10 mol dm"^ [Tween-20] = 0.000045 mol dm"^ (Na2Cr207] = 2x10^ mol dm"^ 

474 
Kinetics of oxidation of m-toluidine 
A. Kinetics of oxidation of m-toluidine in the absence of 
surfactant 
One of the major features of the oxidation of m-toluidine by 
acid dichromate as oxidizing agent is the fact that the reaction 
shows substrate inhibition at low [H*]. This kinetic behaviour was 
not observed in the case of oxidation of p-Toluidine and o-Toluidine. 
It has been reported by Lepse^' and others that Cr(VI) forms an 
inactive species with the organic substrate. Secondly, it is observed 
that the oxidation of m-Toluidine proceeds by two different routes 
but both the routes give the colored product as the end product. The 
formation of single product is also indicated by TLC tests using ethyl 
acetate to extract reaction product from the reaction mixture. The 
TLC was run using a solution of ethyl acetate with Hexane as mobile 
phase (in the ratio of 4:1). The following mechanism justif ies all the 
observed kinetic features of the reaction. 




Ox+mTd' ; F = ^ Cg + H* (1) 
ki (2) 
475 
mTd + Ox ^^"' ) (3) 
IC represents inactive complex between m-toluidine and 
Cr(VI). Using the mass balanced equation, concentration of 
following oxidizing species are obtained. 
[Ox], = [Ox] + [Ce] + [IC] 
= [Qx]+Ko[Ox][mTd^] K, [mTd^][mTd][Ox] 
[H^j ^ [H^] 
^ [Ox][H ^  ] + K 0 [mTd ^  ] + K, [mTd ^  ] [mTd] 
[Ox],[H*] [0>^J = TTTT 
[Ce] 
[H^] + Ko[mTd*]+KJmTd*][mTd] 
[Ox],(1 + K [ H ^ ] ) ^ ^ 
' j ^ ^ + K[Hn)' +K, (1 + K[H^])K[mTd]3 +K, K[mTd]„^ ) 
[Ox],Ko[mTd1 
[H ]^ + Ko [mTd*] + K, [mTd][mTd1 
^ ^ [Ox],KoK[mTd]o[H1(1 + K[H1) 
|(1 + K[H1)^+KoK[mTd]o(1 + K[H1)+K^K[mTd]n 
KKJmTd](1 + K[H*])[0x], 
{(1 + K[H*])'+KKJmTd]„(1 + k[H*]) + K,K[mTd]„='} 
476 
Rate law may be obtained as: 
rr= ki [C6] + k3[mTd] [Ox][H*] 
k,KKo[mTd]o(1 + K[H^])[OxJ, 
rr = |(UK[H^])^+K,K[mTd]o(UK[H*])+K,K[mTd]oM 
k3[H*][mTd]o(UK[H*])[Ox], 
{(1 + K[H^])'+KoK[mTd]o(1 + K[H*]) + K,K[mTd]^ j 
giving, 
oj^  ^ k,KKo[mTd]o(UK[H1) 
" |(1 + K[H1)^ + KoK[mTdU1 + K[H1)+K,K[mTd]n 
k3[H^][mTd]o(UK[H^]) 
i(1 + K[H^])^ +K„ K[mTd]o (1 + K[H*]) +K, K[mTd]o^  } 
It is assumed that at high [H^] , the third term in the 
denominator may be neglected in comparison to first two terms. This 
defines the observed rate constant °km at high [H* ] as 
0 t<,KKo+k3[Hll(UK[H1)[mTdlo 
_ {k,KKo^k3[Hn}[mTd]o 
(1 + K[H^])+KoK[mTd]o 
Taking reciprocal of the above equation 
477 
(°k )-i_ n + K[H-]) _ J KK„ 
" ' k,KK,+k3[H1 ImTd]/k,KK,+k3[H^j 
^' ^ K» (5 ) [mTd], 
The above equation has been tested by the a plot of (°l<mH)"^  
vs [mTd]o^ which is found to be linear at different [H*] and 
temperatures as shown in fig (1 , 4, 7). Furthermore, the intercepts 
and slopes of these plots have been examined from the point of view 
of their dependence on [H*]. From equation (5) the intercept is given 
as 
k - ^^' 
kiKKo+k3[Hn 
Taking reciprocal of the above equation 
{KHr = ^.-~^i^n (6) KKo 
Equation (6) is verified from the plots of (kjH)"^ vs [H*] which 
are found to be linear as shown in fig (2, 5, 8). The intercepts of 
these plots give the value of ki at different temperatures and also 
the value of ks/KKo has been obtained from the slopes, and are 
presented in table (1). 





where D' = k, + - !^ [Hn 
D' has been calculated at different [H*] using ki and ka/KKo at 
different temperatures from table (1). 
The above equation may be arranged as 
( k s H D ' ) ~ + -^[H^] (7) 
Equation (7) has been verified from the plots of (k^^ D') vs [H*] 
which are found to be linear giving positive intercepts at different 
temperatures as shown in fig (3, 6, 9). The reciprocal of slope of 
these plots give the values of Ko i.e. equilibrium constant associated 
with the complex formed by the interaction of oxidant and m-
Toluidine. 
479 
The ratio of slope / intercept gives the value of K at different 
temperatures. 
The values of k i , ka, K and Ko have been presented in table-1 
and activation parameters related to ki and ks, have also been 
presented in table 2. 
At low [H*], the observed rate constant °km is given as 
k,„, = • iiiL 
{k,KKo + k3[H-]}[mTd]o(1 + K[H-]) 
(1+ K [H^])' + Ko K [mTd]o (1 + K [H*]) + K,K [mTd]^  
The first term in the denominator may be equated as 
(1+2K[H*]) assuming [H*]^ to be negligible, this gives 
\ {k,KKo + k3[H-]}[mTd]o(UK[H-]) ,g> 
"" (1 + 2K[H']) + KoK[mTd]o(1 + K[H*]) + K,K[mTd]g 
It is difficult to verify equation (8) as such. However, the 
above equation may be rearranged as 
\ M K o + k3[H-]}[mTd]o(1 + K[H-]) 
"" (1 + 2 K [H*]) + Ko K [mTd]o (1 + K [H*]) + K,K [mTd]^  
/». uj.. ] MKo^k3[H-]l(UK[H-]) 
V mL/L Jo/ (i + 2K[Hn) + KoK[mTd]o(1 + K[Hn) + K,K[mTd]g 
Taking reciprocal of the above equation we get 
480 
f "I- ^ 
JmTd]o 
(1 + 2 K[H^]) ^ KoK[mTd]o ^ K,K[mTd]o' 
{k,KKo + k,[H*]}(1 + K[H^]) {k,KKo + k,[H^]} ^,K KQ + k, [H*]}(1+KfH^) 
"k 
-F , 
1 KoK(1 + K[H^]) K,K[mTd]o 
[mTdjoJ " [mTdJo {k,K K, + k, [H*]j^ {k,K K, + k, [W]\0 + K[H*]) (9) 
where F^  = 1 + 2K[H^] 
" {k,KKo+k3[H^]|(1 + K[H*]) (10) 
Since the values of k i , ka, K and Ko are known at different 
temperatures, the values of function FH has been obtained at 
different [H""] and temperatures using equation (10). Equation (9) 
has been tested by making a plot of L.H.S. of the equation vs [mTd]o 
which is found to be linear at different temperatures as shown in fig 
(10-12). 
It has been argued earlier that the formation of the colored 
product indicates the presence of a consecutive reaction 
mechanism. Since the reaction has been studied in pseudo first 
order condition, the formation of colored product may be written as. 
^^-^ Be 
where A represents the oxidant. If total Cr(VI) is reduced by 
steps leading to the formation of the colored product then the 
observed pseudo first order rate constant °k^ should represent rate 
481 
constant for the formation of colored product and may be used to 
get the values of tmax, Bx, K from the established equation of 
consecutive reaction. In case of oxidation of o-Toludine, it has been 
demonstrated that °k does not represent exclusively the rate 
constant for the formation of the colored product and only a fraction 
of Cr(VI) is reduced by this reaction path leading to the formation of 
the colored product. 
However, in the case of m-Toluidine it is found that the 
observed rate constant °km gives a reasonably good value of Be 
(maximum value of concentration of colored product). Its variation 
with [H*] shows the same trend as observed by maximum 
absorbance at 640 nm. With molar absorption coefficient as 1.8x10'* 
mol"^ dm"^  cm"^ the values of maximum absorbance have been 
calculated. These values along with the observed ones have been 
presented in tables 3-11 and column 8 and 9 respectively. 
Whereas, the calculated absorbance matches satisfactorily 
with observed ones at 35°C and 40°C at different [H*] but at 30°C 
the calculated values are found to be rather low in comparison to 
corresponding observed values. Plots of Absorbance (observed) vs 
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3.00 min"^ mol"^ dm^ 




5.30 min''' mol"^ dm^ 




5.90 min''' mol'^ dm^ 
e.OOmor^dm^ 
1.66 
ki is intercept of plots between (KIH)'^ versus [H*], (figure 2.5,8) 
ks is slope of plots between (kiH)'^  versus [H*], (figure 2,5,8) 
K is ratio of slope / intercept of plots between (ksnO') versus [H*], (figure 3,6,9) 
Ko is reciprocal of slope of plots between (kshD') versus [H*], (figure 3,6,9) 
TABLE 2 
KINETIC DATA FOR THE OXIDATION OF m-TOLUIDINE BY SODIUM 





















Nature of rate 
constant 
Ce - J ^ 
inTH*+ny '*'^ » 
Thermodynamic parameters were determined in absence of surfactant in HNO3 
medium at 303 K. 
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TABLE 3 























































Temp = 40°C, [H*] = 0.25 mol dnT^ [NazCrzOT] = 2x10"* moldm 
[Surfactant] = Nil 
TABLE 4 

























































Temp = 40°C, [H*] = 0.20 mol dm•^ [Na2Cr207] = 2x10"^ mol dm"^ 
484 
TABLE 5 
























































Temp = 40°C, [H*] =0.15 mol dm^^ [Na2Cr207] = 2x10^ mol dm ,-3 
TABLE 6 

























































Temp = 35°C, [H*] = 0.25 mol dm"^ [Na2Cr207] = 2x10^ mol dm 
[Surfactant] = Nil 
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TABLE 7 
























































Temp = 35°C, [H*] = 0.20 mol dm•^ [NazCrzO/] = 2x10"* mol dm'^ 
[Surfactant] = Nil 
TABLE 8 
























































.-3 Temp = 35°C, [H*] = 0.15 mol dm"", [NazCrzO?] = 2x10"' mol dm 


























































Temp = 35°C, [H*] = 0.25 mol dm•^ [Na2Cr207] = 2x10"* mol dm'^ 
[Surfactant] = Nil 
TABLE 10 
























































Temp = 30°C, [H*] = 0.20 mol dm•^ [Na2Cr207l = 2x10^ moidm 




























































Temp = 30°C, [H*] = 0.15 mol dm•^ [Na2Cr207] = 2x10"'mol dm"^ 
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B. Kinetics of Oxidation of m-Toluidine in the presence of 
CPC: 
The most striking difference in the kinetic behaviour of the 
oxidation of m-Toluidine in the presence of CPC is the fact that 
substrate retardation which was exhibited in the absence of 
surfactant is not observed. However, at higher concentration of the 
detergent, the Toluldine concentration had no effect on the reaction 
rate. It is further observed that the reaction rate decreases with 
increase in [CPC] both In the premicellar region as well as in the 
post miceller region. These features may be described by modifying 
the reaction mechanism proposed for the oxidation of m-Toluidine in 
the absence of surfactant. This has been achieved by disregarding 
the equilibrium leading to the formation of inactive complex (IC) 
included in the earlier scheme. It has been further assumed that the 
detergent forms a complex (CD) with the oxidant-substrate complex 
(Ce proposed earlier). Although the complex CD represents, an 
unreactive species but it is important so far as mass balanced 
equation describing total Cr(VI) present in the reaction medium is 
concerned. In the presence of CPC the reactive species, however, 
remains unchanged. The reaction rate is modified because of the 
changes in the concentration of the reactive species due to changed 
mass balance equation. Kinetics parameters such as k i , ka, K and 
489 
Ko remain unchanged. With the above consideration the following 
mechanism may be proposed. 
mTd* + Ox ^==± Ce + H^ (11) 
Cg + D* ^^^^ CD + H* (12) 
Ce J l i ^ (13) 
Ox + mTd ^^ "^  ) (14) 
From the mass balanced equation. The concentrations of the 
following oxidizing species have been obtained. 
[Ox], = [Ox] + [CD] 
= [Ox] + K.[D*][CeVlH'] 
- [0x1 + KJD]KJmTd-][Ox] 
_ {[H-]^^K„KJD-][mTD-l}[Ox] 
[H1^ 
[Ox] = [Ox], [H^]^ /[H^r +Ko K, [D*][mTd^] 
KJmTd^][H^][Ox], [C6] = [H^]^+KoK.[D^][mTd^] 
From the given mechanism the following rate, law may be 
obtained. 
490 
rr = ki [Ce] + kj [Ox] [mTd] [H*] 
k,KJmTd^][H*][Ox], ^ k3[H^]2[mTd] 
[H^]^+K„KJD-]{mTd*] [ H ^ f + K o K, [D*][mTd*] 
= (k ,K,K+k3) [H- r [mTd- ]J0x ] , 
[H^]^ (1 + K[H^])+KKo K, [D^][H^][mTd], 
= (k,KoK^k3)[H-][mTd]o[Ox], 
[H^](1 + K[H^])+KK,KJD*][mTd]o 
= 'kn. [Ox], 
The observed rate constant "km is given as, 
*k = (kiKoK + k3)[H-][mTd]o 
""" [H*](1 + K[H^]) + KKoKaD*][mTd]o 
Equation (15) has been tested under tv\/o different conditions. 
At low [CPC], the rate is found to be dependent on [mTd]o. Under 
these conditions reciprocal of above equation (15) gives 
. .^ .-1 _ [H-](1 + K[H-]) 1 ^ K K p K J D n 
(kiKoK + k3)[Hn[mTd]o (k^ KQ K + k3)[H*] 
Equation (16) is verified since the plot of (*km)'^ vs [mTd]o'^ 
are found to be linear as shown in fig (13-23). Furthermore, the 
intercepts of these plots (k|) may be written as 
( k i K o K + k 3 ) [ H ^ ] 
491 
Equation (17) describes the dependence of ki on [H*] and [D*]. 
The plots of ki vs [D*] are found to be linear passing through origin 
as shown In fig (24-29). The plots of ki vs [H*] are also found to be 
linear passing through the origin (vide Fig. 30-33). These 
observations justify the proposed mechanism at low [CPC]. 
Equation (15) may be modified in the presence of higher [CPC] 
by ignoring the first term in the denominator, modifying *km as 
( k i K o K + k3)[H*] 
krriH = ^ ^ — ^ — (18) 
K K o K , [ D * ] 
Equation (18) predicts that the observed rate constant at high 
[CPC] should be independent of [mTd]o, and should increase with 
increase in [H*] and decreases with increase in [CPC]. This is 
verified by the plot between *kmH vs [H*] and *kmH vs [D*]'\ Both 
these plots are linear passing through the origin as shown is Fig. 
(34-74). From the slopes of these plots the values of K+ i.e. 
equilibrium associated with the formation of complex CD has been 
calculated. Both the plots give the similar value of K+ which is 
1200. 
An attempt has also been made to use the absorbance data to 
evaluate kinetic parameters associated with concentration leading to 
the formation of the colored product. However, it is observed that in 
the presence of the detergent the absorbance after reaching a 
492 
maxima shows only a marginal dip indicating that the decomposition 
of colored product Is slow and much less as compared to the 
reaction carried out in absence of any surfactant. This is further 
supported by the calculation of tmax i e (°km.tmax) and K. The value 
of Tmax is very high and the values of K very low indicating that the 
rate constant for the formation of the coloured product is much 
higher than the rate constant leading to the decomposition of the 
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C. Kinetics of oxidation of m-Toludine in the presence of 
Tween-20: 
Kinetic features of oxidation of m-Toluidine in the presence of 
Tween 20 are similar to those observed in the presence of CPC, 
namely. 
1. The reaction is first order w.r.t. Cr(VI) concentration. 
2. There is no substrate retardation. 
3. The reaction rate becomes independent of [mTd]o. 
4. The reaction rate increase with increase in [mTd]o 
Taking the above observation into consideration, the 
mechanism in the presence of CPC has been applied in this case 
also with slight modification as given below. 
mTd ' + Ox ^=i Ce + H* (19) 
Ce + Dn ^ Z l ^ CDn + H* (20) 
[Ce] - ^ (21) 
[Ox] + [mTd] ^^"' > (22) 
Appling the similar procedure as has been done in the 
presence of CPC, the rate law in the presence of Tween-20 is 
expressed as: 
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rr = kifCeJ + ka [Ox] fmTdJ fH*] 
= "k^ [Ox], 
giving, 
(k,K,K + k3)[H^][mTd], 
"k. [HM(1 + K[H^]) + KK„KJDn][mTd], 
At low [Tween-20], the rate is [mTd]o dependent under these 
conditions reciprocal of the above equation gives 
h. r - kIl^KfH;D 1 , KK,K„[Dn] 
Equation 23 is verified since the plots of ("km)'^ vs. [mTd]o'^ are 
found to be linear vide figure (75-84). Furthermore, the intercepts 
of these plots (k|) may be written as 
K K A M 2^4) 
(k,KoK + k3)[H^J 
The plots of ki vs. [Dn] and ki vs [H*]''' are found to be linear 
passing through origin vide figure (85-94). 
At high concentration of Tween-20, 
. ( W i i M m (25) 
"^ " KK.KJDn], 
Equation 25 is verified by plots between "k^n vs. [Dn]'^ and 
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"kmH VS. [H*]. Both these plots are linear passing through the origin 
vide figure (95-121). 
The values of k i , ks, K and Ko remain unchanged. However, 
from the slopes of plots between "kmH versus [Dn]'^ and "kmH versus 
[H*] values of Kn have been evaluated at different temperatures 
which is 12000. 
It has been observed that the absorbance of the color product 
passes through a maximum but the decomposition of the color 
product is very slow as has been observed in the presence of CPC. 
In view of this fact the kinetic parameters associated with the 
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The structural mechanism of the oxidation of m-ToIuidine is similar to the oxidation of 
p-toluidine. The presence of unreactive species as shown in the mechanism satisfies the 
kinetic requirement but its structure could not be identified. However, the structure 
mechanism of the oxidation of m-toluidine may be represented by the following 
sequence leading to formation of coloured product as azoderivative. 
+ H,0 
N + HO—Cr-OH 
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